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ABSTRACT 
Risks and uncertainties are unavoidable in agriculture in Sudan, due to its dependence on 
climatic factors and to the imperfect nature of the agricultural decisions and policies attributed 
to land cover and land use changes that occur. 
The current study was conducted in the Gash Agricultural Scheme (GAS) - Kassala State, as a 
semi-arid land in eastern Sudan. The scheme has been established to contribute to the rural 
development, to help stability of the nomadic population in eastern Sudan, particularly the 
local population around the Gash river areas, and to facilitate utilizing the river flood in 
growing cotton and other cash crops. In the last decade, the scheme production has declined, 
because of drought periods, which hit the region, sand invasion and the spread of invasive 
mesquite trees, in addition to administrative negligence. These have resulted also in poor 
agricultural productivity and the displacement of farmers away from the scheme area. 
Recently, the scheme is heavily disturbed by human intervention in many aspects. 
Consequently, resources of cultivated land have shrunk and declined during the period of the 
study, which in turn have led to dissatisfaction and increasing failure of satisfying increasing 
farmer’s income and demand for local consumption. 
Remote sensing applications and geospatial techniques have played a key role in studying 
different types of hazards whether they are natural or manmade. Multi-temporal satellite data 
combined with ancillary data were used to monitor, analyze and to assess land use and land 
cover (LULC) changes and the impact of land degradation on the scheme production, which 
provides the managers and decision makers with current and improved data for the purposes 
of proper administration of natural resources in the GAS. Information about patterns of LULC 
changes through time in the GAS is not only important for the management and planning, but 
also for a better understanding of human dimensions of environmental changes at regional 
scale. 
This study attempts to map and assess the impacts of LULC change and land degradation in 
GAS during a period of 38 years from 1972-2010. Dry season multi-temporal satellite 
imagery collected by different sensor systems was selected such as three cloud-free Landsat 
(MSS 1972, TM 1987 and ETM+ 1999) and ASTER (2010) satellite imagery. This imagery 
was geo-referenced and radiometrically and atmospherically calibrated using dark object 
subtraction (DOS). Two approaches of classification (object-oriented and pixel-based) were 
applied for classification and comparison of LULC. In addition, the study compares between 
the two approaches to determine which one is more compatible for classification of LULC of 
the GAS. 
The pixel-based approach performed slightly better than the object-oriented approach in the 
classification of LULC in the study area. Application of multi-temporal remote sensing data 
proved to be successful for the identification and mapping of LULC into five main classes as 
follows: woodland dominated by dense mesquite trees, grass and shrubs dominated by less 
dense mesquite trees, bare and cultivated land, stabilized fine sand and mobile sand. After 
image enhancement successful classification of imagery was achieved using pixel and object 
based approaches as well as subsequent change detection (image differencing and change 
matrix), supported by classification accuracy assessments and post-classification. 
Comparison of LULC changes shows that the land cover of GAS has changed dramatically 
during the investigated period. It has been discovered that more significant of LULC change 
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processes occurred during the second studied period (1987 to 1999) than during the first 
period (1972-1987). In the second period nearly half of bare and cultivated lands was changed 
from 41372.74 ha (20.22 %) in 1987 to 28020.80 ha (13.60 %) in 1999, which was mainly 
due to the drought that hit the region during the mentioned period. However, the results 
revealed a drastic loss of bare and cultivated land, equivalent to more than 40% during the 
entire period (1972-2010). Throughout the whole period of study, drought and invasion of 
both mesquite trees and sand were responsible for the loss of more than 40% of the total 
productive lands. 
Change vector analysis (CVA) as a useful approach was applied for estimating change 
detection in both magnitude and direction of change. The promising approach of multivariate 
alteration detection (MAD) and subsequent maximum autocorrelation factor (MAD/MAF) 
transformation was used to support change detection via assessment of maximum correlation 
between the transformed variates and the specific original image bands related to specific land 
cover classes. However, both CVA and MAD/MAD strongly prove the fact that bare and 
cultivated land have dramatically changed and decreased continuously during the studied 
period. Both CVA and MAD/MAD demonstrate adequate potentials for monitoring, 
detecting, identifying and mapping the changes. Moreover, this research demonstrated that 
CVA and MAD/MAF are superior in providing qualitative details about the nature of all kinds 
of change. Vegetation indices (VI) such as normalized difference vegetation index (NDVI), 
soil-adjusted vegetation index (SAVI), modified adjusted vegetation index (MSAVI) and 
grain soil index (GSI) were applied to measure the quantitative characterization of temporal 
and spatial vegetation cover patterns and change. All indices remain very sensitive to 
structure variation of LULC. The results reveal that the NDVI is more effective for detecting 
the amount and status of the vegetation cover in the study area than SAVI, MSAVI and GSI. 
Therefore, it can be stated that NDVI can be used as a response variable to identify drought 
disturbance and land degradation in semi-arid land such as the GAS area. Results of detecting 
vegetation cover observed by using SAVI were found to be more reasonable than using 
MSAVI, although MSAVI reduces the background of bare soil better than SAVI. GSI proves 
high efficiency in determining the different types of surface soils, and producing a change 
map of top soil grain size, which is useful in assessment of land degradation in the study area. 
The linkage between socio-economic data and remotely sensed data was applied to determine 
the relationships between the different factors derived and to analyze the reasons for change 
in LULC and land degradation and its effects in the study area. 
The results indicate a strong relationship between LULC derived from remotely sensed data 
and the influencing socioeconomic variables. The results obtained from analyzing socio-
economic data confirm the findings of remote sensing data analysis, which assure that the 
decline and degradation of agricultural land is a result of further spread of mesquite trees and 
of increased invasion of sand during the study period. High livestock density and overgrazing, 
drought, invasion of sand, spread of invasive mesquite trees, overexploitation of land, 
improper management, and population growth were considered as the main direct factors 
responsible for degradation in the study area. 
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ZUSAMMENFASSUNG 
Grundsätzlich können Risiken und Unsicherheiten in der sudanesischen Landwirtschaft durch 
die Abhängigkeit von klimatischen Faktoren und mögliche falschen Entscheidungen bei der 
Bewirtschaftung nicht vermieden werden.  
Diese Forschungsarbeit wurde im Gash Agricultual Scheme (GAS) im Staat Kassala in den 
semi-ariden Gebieten des Ost-Sudan durchgeführt. GAS wurde ins Leben gerufen um zur 
ländlichen Entwicklung beizutragen, das Leben der Nomaden zu verbessern und um von den 
Überflutungen des Flusses Gash zu profitieren um Cash Crops anzubauen. Im vergangenen 
Jahrzehnt nahm allerdings die Produktion ab. Ursachen dafür waren Dürreperioden, 
Sandinvasion und die Verbreitung des invasiven Mesquitebaums sowie administrative Fehler, 
was zu einem Rückgang der Produktion und zur Vertreibung von Farmern führte. Während 
der vergangenen Jahrzehnte und in der Gegenwart wurde das GAS schwer durch menschliche 
Aktivitäten beeinträchtigt. Im Untersuchungszeitraum dieser Studie nahmen die Ressourcen 
in den kultivierten Gebieten ab, was dazu führte, dass das Einkommen der Farmer zurückging 
und die lokalen Konsumbedürfnisse nicht mehr befriedigt werden konnten.  
Methoden der Fernerkundung und der geographischen Raumanalyse spielen in der 
vorliegenden Arbeit eine wesentliche Rolle um verschiedene natürliche und menschgemachte 
Gefahrentypen in der Region zu untersuchen. Multi-temporale Satellitendaten, kombiniert mit 
weiteren ergänzenden Daten, wurden dazu benutzt, Änderungen der Landnutzung und der 
Bodenbedeckung und den Einfluss der Bodendegradation auf die Produktionssysteme zu 
ermitteln, zu analysieren und zu beurteilen um Entscheidungsträger mit aktuellen und 
verbesserten Daten für das Management der Naturressourcen im GAS zu versorgen. 
Informationen über die Änderungen der Landnutzung und Vegetation über die Zeit sind nicht 
nur wichtig für Planung und Management, sondern auch für ein besseres Verständnis der 
anthropogenen Dimension der negativen Umwelteinflüsse in der Region.  
Diese Arbeit dient dem Ziel, den Einfluss von Landnutzungs- und Vegetationsänderungen im 
GAS über 38 Jahre, zwischen 1972 und 2010, zu kartieren und zu bewerten. Dafür wurden 
multi-temporale Satellitenbilder von verschiedenen Sensoren ausgewählt, konkret wolkenfreie 
Aufnahmen von Landsat-Satelliten (MSS 1972, TM 1987 and ETM+ 1999) und von Terra-
ASTER (2010) während der Trockenzeit. Die Bilder wurden georeferenziert und 
radiometrisch und atmosphärisch kalibriert, indem die Methode der Dark Object Subtraction 
(DOS) verwendet wurde. Zwei Ansätze der Klassifizierung, der objekt-orientierte und der 
pixel-basierte, kamen dabei für die Klassifizierung und den Vergleich der Landnutzungs- und 
Vegetationsänderungen zum Einsatz. Außerdem vergleicht die Studie die zwei Ansätze um zu 
ermitteln, welche Methode besser für die Klassifizierung in den semi-ariden Gebieten des 
GAS geeignet ist.  
Der pixel-basierte Ansatz zeigt etwas bessere Ergebnisse als der objekt-orientierte. Die 
Anwendung von multi-temporalen Daten der Fernerkundung wurde erfolgreich für die 
Identifikation und Kartierung von Landnutzungs- und Vegetationsänderungen in fünf 
Hauptklassen eingesetzt. Diese sind: (1) Wald dominiert von Mesquitebäumen, (2) Gras- und 
Buschland dominiert von weniger dicht auftretenden Mesquitebäumen, (3) offenes Grasland 
und kultiviertes Land, (4) stabiler feiner Sand und (5) beweglicher Sand. Nach 
Bildverbesserung erfolgte die Klassifizierung der Bilddaten durch einfache pixel- und 
objekte-basierte Verfahren sowie anschließende Analyse der Veränderungen von LULC 
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(image differencing und change matrix) über den Untersuchungszeitraum, verbunden mit der 
Ermittlung der Klassifikationsgenauigkeiten und der Ergebnisbearbeitung durch Methoden 
der post-classification. 
Der Vergleich von Landnutzungs- und Vegetationsänderungen zeigt, dass die 
Vegetationsbedeckung des GAS sich während des untersuchten Zeitraums dramatisch 
verändert hat. Es wird nachgewiesen, dass im Vergleich zur ersten Untersuchungsperiode 
(1972-1987) stärker ausgeprägte Änderungen der Landnutzung und Vegetationsbedeckung im 
Untersuchungsgebiet während der zweiten Untersuchungsperiode (1987 bis 1999) auftraten. 
In der zweiten Periode nahm die Fläche des freiliegenden und kultivierten Landes von 
41.372,74 ha (20,22%) im Jahr 1987 auf 28.020,80 ha (13,6%) in 1999 um fast die Hälfte ab, 
was auch auf signifikanten ariden Phasen in der Region in diesem Zeitraum zurückzuführen 
ist. Die Ergebnisse zeigen einen drastischen Rückgang des Graslandes sowie des kultivierten 
Landes zwischen 1972 und 2010. Während des gesamten Untersuchungszeitraumes waren 
Dürreperioden, die Invasion des Mesquitebaumes und Sanddrift verantwortlich für den 
Verlust von mehr als 40% des fruchtbaren Landes. 
Die Methode der Change-Vector-Analysis (CVA) kam zum Einsatz, um den Umfang und den 
Verlauf der Veränderungen von LULC zu ermitteln. Außerdem wurde der Ansatz der 
Multivariate Alternation Detection (MAD) und der darauffolgenden Maximum 
Autocorrelation Function (MAF) Transformation verwendet, der die Ermittlung der 
Veränderungen von LULC durch Analyse der maximalen Korrelation zwischen den 
transformierten Variablen und den spezifischen originalen spektralen Bändern, die spezifische 
Arten der Vegetationsbedeckung dokumentieren, unterstützt. 
Beide, CVA und MAD/MAF, unterstützen die Aussage, dass sich das offene Grasland und 
das kultivierte Land dramatisch verändert haben und dass deren Fläche während des 
Untersuchungszeitraumes permanent abgenommen hat. Beide Methoden haben das Potential 
die Veränderungen zu erfassen, zu dokumentieren und zu kartieren. Überdies sind CVA und 
MAD/MAD besonders geeignet qualitative Details über die Art verschiedener Änderungen zu 
ermitteln. Vegetationsindizes (VI) wie zum Beispiel der Normalized Difference Vegetation 
Index (NDVI), die bodenbezogenen Vegetationsindizes SAVI und MSAVI sowie der Grain 
Soil Index (GSI) kamen zum Einsatz um die quantitative Charakterisierung der zeitlichen und 
raumbezogenen Dynamik der Veränderung der Vegetationsmuster zu ermitteln.   
Alle Indizes waren empfindlich genug um die Änderung der Landnutzung und 
Landbedeckung darzustellen. Die Ergebnisse zeigen allerdings, dass der NDVI eine 
effektivere Methode als SAVI, MSAVI oder GSI ist, um die Art und den Zustand von 
Vegetationsbedeckung im Untersuchungsgebiet zu ermitteln.  
Es konnte festgestellt werden, dass NDVI als response-Variable genutzt werden kann, um die 
Effekte der Dürreperioden sowie der Degradation von Vegetation und Boden in den semi-
ariden Gebieten des GAS darzustellen. Die Ergebnisse der Ermittlung der 
Vegetationsbedeckung durch SAVI sind plausibler als jene auf Grundlage des MSAVI, 
obwohl durch diesen der Einfluss des freiliegenden Bodens auf die spektrale Signatur 
effektiver minimiert werden kann als durch den SAVI. Die Nutzung des GSI ist hoch effizient 
bei der Bestimmung der unterschiedlichen Bodentypen, insbesondere bei der Erstellung einer 
Karte der Änderungen der oberflächenrelevanten Korngrößen zur Unterstützung der 
Bewertung der Landdegradation in der Untersuchungsregion. Die Korrelation zwischen sozio-
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ökonomischen Daten und Fernerkundungs-Daten wurde genutzt um die Beziehungen 
zwischen den verschiedenen Faktoren zu ermitteln und um die Gründe für Landnutzungs- und 
Vegetationsänderungen sowie Landdegradation und deren Effekte im Untersuchungsgebiet zu 
ermitteln.  
Die Ergebnisse zeigen einen signifikanten Zusammenhang zwischen Änderungen der 
Landnutzung und Vegetationsbedeckung, die aus Fernerkundungsdaten ermittelt werden 
konnten, und den bestimmenden sozioökonomischen Variablen. Die Analyse der sozio-
ökonomischen Daten bestätigt die aus Analyse der Fernerkundungsdaten gewonnene 
Erkenntnis, dass der fortschreitende Rückgang der landwirtschaftlich genutzten Flächen und 
deren fortschreitende Degradation aus der zunehmenden Verbreitung des Mesquitebaumes 
und aus dem erhöhten Eintrag und der Ablagerung von Sand während des 
Untersuchungszeitraumes folgen. Die hohe Dichte an Viehbestand sowie Überweidung, 
Dürre, Eintrag von Sand, die Verbreitung des invasiven Mesquitebaums, Übernutzung von 
Bodenressourcen, falsches Management und Bevölkerungswachstum Sind die Hauptgründe 
für die Degradation des Untersuchungsgebietes. 
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1 CHAPTER ONE 
1.1 Introduction  
1.2 Background  
1.2.1 Land use and land cover (LULC) change 
Land use and land cover have been one of the first and main products that could be obtained 
from remote sensing data. It is unquestionable that human populations have affected the 
structure and function of the earth system since their evolution as a distinct modern species, 
but this impact increased in pace, magnitude, and kind with the advent of the industrial 
revolution (Gutman et al., 2004). The major effect of land use on land cover since 1750 has 
been deforestation of temperate regions (Nuwagaba and Namateefu, 2013; Kiio and Achola 
2015). Its dynamics are strongly influenced by socio-economic factors and political decisions, 
generating a need for adequate mapping and monitoring tools. Consequently, robust and 
sophisticated analysis methods are required for accurate information extraction and fast and 
efficient data analysis adapted to the rapid advances in image and sensor technologies. Land 
cover is subject to change through natural cycles (droughts, fires, succession, floods, and 
volcanic activity) and anthropogenic activities such as shifting cultivation, natural resource 
management, grazing, urbanization, and agriculture. While the "Land use is characterized by 
the arrangements, activities and inputs people undertake in a certain land cover type to 
produce, change or maintain it" (FAO/UNEP, 1999). 
LULC change directly impacts biotic diversity worldwide, contributes to climate change, is 
the primary source of soil degradation, and by altering ecosystem services, affects the ability 
of biological systems to support human needs. Such changes also determine, in part, the 
vulnerability of places and people to climatic, economic or socio-political perturbations 
(Lambin and Geist 2006). 
One of the most common and serious environmental problems in the world is land 
degradation which has affected two billion hectares (22.5%) of agricultural land, pasture, 
forest and woodland around the world (Oldeman et al. 1990). Furthermore, around 5 to 10 
million hectares of agricultural land are lost annually by degradation. Globally, land 
degradation causes a loss of productivity in drylands, which value between $ 13-28 billion a 
year (Yadav and Scherr 1995). It is thus very important to determine the nature, spatial extent, 
magnitude, distribution, and temporal behavior of degraded land in order to come up with 
effective prevention and rehabilitation measures. Due to its extensive distribution, land 
degradation is ideally monitored by means of remote sensing. For instance, information on 
vegetation cover, rain use efficiency, surface run-off and soil erosion can be derived from 
remotely sensed data. The combined use of such information highlights areas highly 
susceptible to degradation (Symeonakis and Drake, 2008). 
Change in land use and vegetation cover are taking place in the Sahel region in Africa. During 
the last decades, large areas are said to have been transformed from forest savannahs to 
mechanized farming and overgrazed grassland areas with encroaching sand. However, the 
prevailing concept of degradation, status, and rate of change has been seriously challenged 
(Dregne et al.1991; Forse 1989; Fries 1991; Hellden 1991; Högel 1979; Olsson 1993; Smith 
1986; Suliman 1988; UNEP 1984 and 1991; Warren and Agnew 1988). To be able to 
understand the rate of land degradation of interest and to analyze longer time periods made by 
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satellite imagery. According to the definition of FAO, 2007 "Land degradation" means 
reduction or loss of the biological or economic productivity and complexity of rainfed 
cropland, irrigated cropland, or range, pasture, forest and woodlands resulting from land uses 
or from a process or combination of processes, including processes arising from human 
activities and habitation patterns, such as: 
(a). Soil erosion caused by the wind and/or water; 
(b). Deterioration of the physical, chemical and biological or economic properties of soil; 
(c). Long-term loss of natural vegetation 
1.2.2 Land use and extent of degradation 
During the last half-century, the agricultural production has increased vastly to provide food 
for the high increasing world population at the expense of natural forests, rangelands, 
wetlands, and even the desert. Some of the increased land degradation associated with this 
expansion is compensated by farmers’ investment in soils, such as fertilization, terracing, and 
tree planting. New soil conservation also occurs through natural processes, but in general, this 
proceeds too slowly to compensate for human-induced degradation. A review of 16 studies to 
assess the global extent, rate, and effects of land degradation concluded that soil quality on 
three-quarters of the world’s agricultural lands has been stable over the last fifty years, but on 
the remaining lands, land degradation is the widest acceleration (Scherr, 2009). Productivity 
has declined substantially on about 16% of agricultural land in developing countries, 
especially croplands and pasture in Africa and forests in Central America. Consequently, land 
areas of 5 to 8 million hectares have gone out of production each year. These are primarily 
lands at the margin of cultivation, especially at desert margins and in steeply sloping and 
high-altitude areas. 
1.2.3 Land degradation in arid and semi-arid lands 
Arid and semi-arid regions of the earth, collectively termed “drylands”, are particularly 
sensitive to processes of climatic and environmental change. One of the common features of 
most arid environments is a lack of observational data on climate and surface environment. 
This is less true for semi-arid regions, but even there this continues to be a problem. For this 
reason, there is relatively little actual data for examining such issues as climatic change, the 
sources of degradation and desertification. 
Arid and semi-arid region is characterized by low erratic rainfall of up to 700mm per annum, 
periodic droughts and different associations of vegetative cover and soils. Regarding 
livelihoods systems, in general, light pastoral use is possible in arid and rainfed areas. 
Agriculture is usually not possible, and the agricultural harvest is likely to be irregular, 
although grazing is satisfactory (Goodin & Northington, 1985). The region includes the 
tropical grassland and savannah/woodlands, the warm desert and semi-desert, temperate 
grasslands. These ecosystems provide critical habitats for wildlife and ecosystem diversity, 
including wetlands for migratory species, but are under severe threat. 
Increased incidences of drought, intensive pressure of people on the land, and improper land 
use practices are leading to a deterioration of these lands and their biodiversity. Poverty and 
human suffering, making it difficult to conserve biodiversity without alleviating human 
suffering, usually mark land degradation in developing countries. Despite the basic resilience 
of these ecosystems, there are major thresholds make recoveries almost impossible.  
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In Sudan, arid and semi-arid zones lie approximately between 14 and 16˚N lat in the central 
region of the country, but extend into the northeast covering much of Kassala Province and 
constitute appr. 80% of the total area of Sudan. Deserts and semi-deserts constitute two-thirds 
of the eco-zones of the above-mentioned lands (MEPH/HCENR 2003; Orindi and Murray 
2008). The northern half of this zone is adjoining the desert climatic zone is characterized by 
light rainfall, dry, warm winters, and very hot summers. Amount and frequency of 
precipitation vary from year to year. Average annual rainfall rarely exceeds 400 millimeters. 
Almost all of the rain falls between June and September. The remaining time of the year is 
virtually rainless, with the winter period being extremely dry. The southern half of this region 
is a semi-arid zone with elevated areas just west of the Red Sea coast, which receives winter 
rains in January and are slightly more humid with precipitation averaging between 400 and 
550 mm annually. In general, the semi-arid region can be characterized as a zone of many 
months of extreme heat broken by a short period of occasional rain, followed by cooler 
weather. In terms of natural vegetation basically acacia-steppe grassland. Flowering plants 
also appear during the rainy season. Occurance of grasses support cattle and small stock 
grazing, while the trees are short and produce good fodder for camels. Nomadic pastoralists 
move north and south following the rains. This region comprises about 455,000 km2 in the 
Red Sea Hills. North Kordofan, North Darfur, White Nile, and Kassala States. 
The Sudanese higher council for environment and natural resources (HCENR) used various 
locally adapted international climate change modeling tools to be able to forecast climate 
change impacts on Sudan. The anticipated impacts for the Sudanese arid and semi-arid lands 
can be summarized as follows (MEPH/HCENR 2003; Orindi and Murray 2008): 
- Decrease of rainfall, increase of temperature and evaporation; 
- Frequent drought spells leading to severe water shortage; 
- Changes in planting dates of annual crops; 
- Increase of insect infestations due to changes in temperature and humidity; 
- Decrease of forest and cultivation areas due to land degradation; 
- Decline in crop and gum Arabic yields; 
- Increase of risk of food shortage and famine; 
- Reduction in ecosystem integrity and decline in biodiversity 
Almost 50 % of the world’s total surface area consists of semi-arid and arid lands (Meadows 
& Hoffman, 2008). Despite their remoteness and small numbers of human inhabitants, these 
areas often support a variety of economic activities, such as communal and commercial 
grazing, mining operations and tourism. The sensitive nature of these lands means that it only 
requires a small number of disturbances to cause major changes in the landscape (Okin et al., 
2004). Mismanaged anthropogenic activities can therefore cause, or exacerbate, degradation 
processes in these areas. It is usually difficult and expensive to map or monitor these 
landscapes due to their size, remoteness, rugged terrain, and climatic extremes (Okin & 
Roberts, 2004). As a result, remote sensing is fast becoming an important tool to be used in 
the study of these areas, as it can provide cost-effective information on the state of land on a 
regular, continuous and near real-time basis (Zhou et al., 1998). 
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1.3 Problem statement and justification 
According to the estimates of 2008 (UCLA, 2009; UNEP, 2007) Sudan faces critical 
environmental issues, including severe land degradation, deforestation, desertification and 
other impacts of climate change that threaten the prospects of lasting peace and sustainable 
development. However, competition over oil and gas reserves, Nile waters, and timber, as 
well as land use issues related to agricultural land, is an important causative factor in the 
instigation and perpetuation of conflict in Sudan. Confrontations over rangeland and rain-fed 
agricultural land in the drier parts of the country are a particularly striking manifestation of 
the connection between natural resource scarcity and violent conflict. Although more than 
half the area of the Sudan is arid and semi-arid, the country's economy is based on agriculture. 
Under such conditions, soil forms a vital resource that deserves every care. Nevertheless, the 
continued use of the soil led to degradation which led to creeping of the desert into 
climatically more favourable areas. Practices like shifting cultivation, uncontrolled grazing, 
irrational use of machines on light soil, and fires are amongst the most serious factors causing 
soil erosion. 
Agricultural expansion in both the public and private sector has proceeded without any 
conservation measures. Consequences in the form of deforestation, soil desiccation, and 
lowering of soil fertility and the water-table. These evils gained momentum which resulted in 
a drought problem, especially in the western parts, in gully erosion in the Northern Province 
(Haddam) and the Kerreb lands in Kassala and the Blue Nile, and in dunes invasion in the 
western and eastern parts of the country. Evident consequences of land degradation problems 
can be described as follows: 
(a) Reduction in yield especially of food crops, which has brought other difficulties such as 
social problems of migration to towns, occupational change, and semi-nomadic life (b) Loss 
of soil fertility, because agriculture expands into large areas of low fertile soil to get the same 
yield which could be obtained from a smaller fertile area thus inducing further a degration of 
soils (c) Pasture productivity has also dropped to the degree that carrying capacity has been 
reduced through the increase of degraded lands. 
However, assessment of land degradation and its trends was based on the interaction of the 
factors of climate, soil, vegetative cover and the current human activities. Accordingly, the 
concerned desertified states of Sudan could be grouped into three categories. The first group 
encompasses the most arid states, which are located in the northern and north-eastern zones of 
Sudan, including the Northern, the River Nile and Kassala states. Due to the relatively high 
aridity coupled with excessive agricultural land use, the land is experiencing a serious status 
of degradation and desertification. This stage is manifested in the form of bare lands around 
the villages and water points, such as riverbank erosion (Haddam) and sand dunes 
accumulation particularly at the western side of the Nile which are all common symptoms of 
deterioration. The second group includes the states that are dominating the central clay plain 
of the Sudan, as well as the main irrigation schemes. These states are Gedarif, Sennar, Gezira 
and White Nile. This region enjoys a relatively high annual rainfall (100-500 mm) and is 
hence moderately degraded. This area had a fairly good vegetative cover but, currently, the 
land has undergone serious degradation due to irrational mechanized farming, extensive 
woodcutting and over-grazing. Northern Gezira and the western part of the White Nile are 
now experiencing progressive sand dune encroachment. Group three includes the western 
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Sudan states such as North Kordofan, West Kordofan, North Darfur and West Darfur. The 
soils sandy and are predominantly used for traditional rain-fed farming. These states are also 
the main resort for the nomadic pastoralists who flee livestock pests and diseases further south 
during the wet season. Consequently, multiple factors of climate and irrational land use have 
contributed greatly to the current state of land degradation. Therefore, Sudan has implemented 
several development projects, some of which are relevant to combating desertification. The 
country should capitalize from existing relevant successful projects, and benefits from new 
features and judgments presented by the United Nations to Combat Desertification to 
establish sustainable projects. Sudan is a poor country and needs external assistance to 
achieve the rural development objectives and poverty alleviation programs through efforts to 
mitigate the effects of land degradation and combating desertification. The civil war in many 
areas of Sudan has created very difficult socio-economic conditions and caused internal and 
regional migrations and displacement of people from war-affected areas. The over-cultivation 
of marginal land especially in low rainfall areas is a serious reason for degradation in Sudan, 
which often loss of soil fertility and nutrients and biological activity. Furthermore, uprooting 
and burning of bushes for wood and for crop cultivation can lead to degradation.  
The causes of land degradation/desertification, among others can be traced back to the 
nation’s quest of fuel wood, which is estimated to be equivalent to about 400 million acacia 
trees being cut annually (Ayoub 1998). It is reported that Sudan derives more than 75% of its 
energy requirements from fuel wood, an estimated 22 million m³ per year (WRI 1994). 
Another cause of land degradation in Sudan is the removal of pasture and grasslands for the 
expansion of mechanized rain-fed agriculture and shifting cultivation. 
According to FAO (2001b), during the 1980s and 1990s, there was a rapid expansion of rain-
fed mechanized cultivation with the aim of attaining self-sufficiency in food production. 
According to Salih (1997), the land area for mechanized agriculture increased from about 2.0 
million ha in 1954 to about 14 million ha in 1994, a rate of 300,000 ha per year. Large scale 
mechanized farming has been the main factor contributing to degradation and consequent land 
desertification (FAO 2001a). Range fires, deliberately set by herders to improve grazing, 
consume annually about 35% of the natural range productivity, estimated to be about 300 
million tons (Elmoula 1985). Studies by Ayoub (1998) conclude that overgrazing (47%), 
improper agricultural practices (22%), deforestation for firewood and urban demand for 
charcoal (19%), and overexploitation of vegetation for domestic use (13 %), are the major 
causes of land degradation in Sudan. Similar findings by the World Bank (1984) confirmed 
that in Sudan (Kordofan and Darfur) about 88,000 ha of woodlands is cleared each year for 
conversion to mechanized agriculture. An estimated 42,000 ha of this land in these regions, 
after being cropped for sorghum continuously for three to four years, has become degraded 
and barren and then been abandoned.  
Land degradation can be measured in terms of soil erosion (loss of mineral, nutrients, and 
organic matters), changes in soil structure, texture and fertility, as well as in terms of changes 
in vegetation cover, reduction in palatable and nutritious plant species, increases in 
unpalatable and non-nutritious species and a decrease in perennial grasses, which has been 
associated with human pressure through improper land use practices, which followed by a 
substantial decrease in productivity of the land (Ahlcrona, 1988; Kibreab, 1996; Thiam, 
2005). This phenomenon considered a serious environmental hazard in Sudan (Abbadi and 
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Ahmed, 2006). The long-term sustainability of the agricultural sector in the country and the 
livelihood security of about 80% of the population that are dependent on this sector for their 
livelihood are of risk. Therefore, it is important to conduct researchs into agricultural land use 
changes to determine the status of the scenario towards developing ways of militating against 
the increasing negative impact of land use changes and propose solutions. 
The climate and environment in Sudan have shown local changes during the course of this 
century which recurrent droughts in the last 60 years (Richards, 1994). It is estimated that 
60% of the country area of desert plus areas affected by desertification (Item, 1995). In 
1984/5 Sudan experienced a particularly severe drought and famine (Richards, 1994; de Waal, 
1989). Despite this, there is little information available on monitoring drought and 
environmental changes. Prevention of deterioration is the most effective way in terms of cost, 
which is better than the direct consequences of deterioration. Such participatory awareness 
activities and programs encouragement of community based efforts in conservation of forest 
and adoption of energy alternatives.  
1.4 Motivation for the study and an overview of problems in GAS 
Indeed, an attempt has been made to document the status of GAS in the past, however, that 
was based on several studies which concentrated on water requirement and irrigation 
efficiency, and only very limited research was done in different other topics. Recently in the 
study area, the study of the dynamics of LULC, and particularly due to an increase of local 
people and settlement expansion, to invasion of unfavourable mesquite trees and sand 
encroachment to the cultivated area, requires a more powerful and sophisticated system such 
as remote sensing data analysis and GIS techniques which provide an extensive synoptic 
coverage for large areas.  
In the Gash area, as elsewhere in Sudan, the level of rural poverty is closely relate to the 
strength of agricultural production and productivity. The total cultivated area has decreased by 
50% over the past 20 years, and the total cultivated area per tenant has declined from seven to 
less than one Feddans (fed). Managerial, institutional and policy factors are the root causes of 
this process of impoverishment that has disrupted livelihoods in the Gash area. Most 
important these factors is the absence of an agreed approach and plan for development in the 
area resulting in an ad hoc use of current resources and investments, in addition to 
unpredictable local and extra-local resource allocation, including inequitable patronage 
systems. As well as to the lack of transparency in the management of resources and 
investments and the diversion of the surplus extracted from the area away from reinvestment 
in the area. Moreover, threr are erratic support services frequent exemption from or non-
payment of services charges, such as water rates and weakening of traditional solidarity and 
social support mechanisms. The relatively harsh and fragile agroecology and the cumulative 
degradation of the natural resource base further aggravate the situation. 
A major reason for poverty in the study area is related to the institutional degradation of the 
Gash scheme. This resulted into mismanagement of resources including a decrease in the 
delivery of water, abolishment of cash crop production and the collapse of the structure of the 
marketing of cash crops. This undermined the revenue base of the Scheme and hence 
provided further loss of capacity to provide irrigation and agricultural services. The scheme 
management lost its autonomy after it changed hands from the private sector to the public 
7 
 
sector. In addition, the government put its hands on the financial reserves of the scheme and 
unsolicited interventions from the part of government on land allocation occured. 
1.5 Direct causes of degradation in study area 
Agricultural intensification (the increase of rainfed and irrigated farms) on the account of 
pasture is a direct cause of land degradation. The lack of appropriate policies, strong law 
enforcement, and intentional neglect by the government administrators are other direct causes 
of land degradation in the study area. The reasons are twofold: firstly, implementation of the 
wrong agricultural practices led to the exacerbation of land degradation. Secondly, farming in 
rangeland areas affected traditional livestock grazing patterns. As a result, livestock grazing is 
concentrated in certain parts, which led to the remove of the original vegetation by over-
grazing, with capacity for not and out request replacement by the invasive species. The main 
indirect causes of degradation in the study are increase of population, increase of livestock 
population, poverty, and lack of appropriate policies and of strong implementation of the 
available policies. Despite the basic resources are limited, the population demand more goods 
from the main assets such as pastoralist and farming activities and consequently degradation 
of the land. Other indirect causes of land degradation in the study area are the lack of 
knowledge and education and an increase of traditional consumption patterns for recourses. 
Therefore, one of the aims of this study is to map and assess degradation trend and pattern 
based on advanced techniques of remote sensing via vegetation indices, climatic and socio-
economic factors, using satellite imagery and multiple classification approaches applicable to 
the study area of Gash agricultural scheme. 
1.6 Remote sensing  
Remote sensing is the science and art of obtaining information about an object, area, or 
phenomenon through the analysis of data acquired by a device that is not contact with the 
object, area or phenomenon under investigation (Jensen, 2000; Campbell, 2002; Lillesand, et 
al., 2008; Chuvieco and Huete, 2010). It is a tool for resource survey and inventory, which 
provides a primary source for up-to-date geographical data. Generally, remote sensing 
systems based upon four basic components to measure and record data about an area from a 
distance. These components include the energy source, the transmission path, the target and 
the satellite sensor. The energy source provides electromagnetic energy, which is very 
important it is as the crucial medium required to transmitting information from the target to 
the sensor. Consequently, the general and conventional approach of remote sensing is the 
practice of deriving information about the earth’s land and water surface using images 
acquired from an overhead perspective, using the varying ranges of electromagnetic radiation 
in one or more regions of the electromagnetic spectrum, reflected or emitted from the earth’s 
surface features.  
Remote sensing, as an applied tool and methodology, has evolved historically in parallel with 
other technological advancements, such as the improvements in sensor electronics, satellite 
platforms, transmission systems, and computer data processing. These developments have 
resulted in enormous progress in the quantity, quality, and diversity of data available to the 
scientific community (Emilio and Alfredo, 2010). Moreover, remote sensing applications 
cover a range of thematic topics including archaeology, agriculture, cartography, civil 
engineering, meteorology, climatology, coastal studies, emergency response, forestry, 
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geology, geography information systems, natural and man- made hazards, land use, land 
cover, natural disasters, oceanography, and water resources (Gamba and Herold, 2010). 
Furthermore, remote sensing can provide information for large areas, not limited by extremes 
in terrain or hazardous condition, and in a relatively short time. In addition, remote sensing 
should be integrated into early stages of investigations and be used in conjunction with 
traditional mapping techniques. 
Remote sensing provides an efficient tool to monitor land cover and environmental changes, 
hence remotely sensed data has proven to be useful in the quantification and monitoring, of 
variable vegetation responses to driving forces in semi-arid ecosystem such as rainfall, fire 
and grazing (Pickup et al., 1994; Hudak & Brockett, 2009). Consequently, remote sensing 
using multi-temporal satellite imagery has been applied in many studies to identify features of 
LULC changes and to detect the main causes of land degradation (Ahlcrona, 1988; Zakaria, 
2010). With the use of high-resolution data, land use changes can be assessed via 
interpretation classification of images and analysis of results to detect changes in LULC and 
to investigate patterens of temporal and spatial changes as such as to have occurred depending 
on socio-economic and biophysical processes by an interdisciplinary approach to addressing 
the phenomenon of land degradation and desertification (Rindfuss, et al, 2004).  
An important aspect of using remote sensing data is that iti meaningfulness in deriving 
quantitatively and quantitaivly biomass variations from a varity of multi-frequency 
(multispectral), dual-polarized (radar) multi-day, multi-angle, and passive sensors. 
Geographical information systems (GIS) help in archiving, analysis and visualization of 
remotely sensed data along with other collateral data (spatial as well as statistical). Remote 
sensing data along with GIS and GPS help in the analysis of LULC as well as species level 
mapping when using higher spatial resolution data). On the other hand environmental 
managers, regional planners and ecological researchers utilize remote sensing because of 
having benefits for enhancing spatial planning, land management and developing inventories 
of monitoring habitats (Clemmer, 1994). These benefits increase as the technology grows.  
Remote sensing and geographical information systems (GIS) are providing a suitable strategy 
for disaster management and an occupational framework for monitoring, assessment and 
identification of mitigation gap areas and for recommening appropriate strategies for disaster 
management.  
1.7 Objectives of the study 
The broad objective of this study is to map and assess the LULC change and degradation 
status and its impacts on the Gash agricultural scheme. The specific objectives are: 
1- To determine the appropriate techniques and methods to detect the overall change during 
the last 38 years in the GAS, 
2- To identify LULC change and to examine the change dynamics at different spatial and 
temporal scales, 
3- To monitor the extent and trend of LULC change and degradation in the study area, 
4- To appraise the seriousness of fine sand encroachment and its accumulation in the scheme-
cultivated area, 
5- To study the applicability and usability of remote sensing for monitoring and mapping the 
land degradation status in the study area, 
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6- To assess the effect of LULC change and degradation on the socioeconomic status in the 
study area, 
7- To provide a database and tools to assist in the planning, development and raising of 
productivity and sustainability. 
1.8 Hypotheseis 
1.  The trend of LULC change and degradation encroachment is rapidly increasing 
2.  There are multiple causes of LULC change and land degradation in the study area 
3.  Remote sensing is a suitable tool for assessing the impacts of LULC change and land 
degradation in the study area. 
1.9 Thesis structure   
The structure of the current thesis includes eight separated chapters connected together. The 
sequences of these chapters are organized as follows:  
Chapter one gives brief background information about the study and highlights the problem 
statement by introducing concept and theory of the land use and land cover as well as land 
degradation, and the opportunities to use remote sensing and GIS for monitoring and 
assessment. Furhtermore the study main objectives, sub-objectives and finally the study 
hypotheseis are persented.  
Chapter two is devoted to describe the study area regarding the biophysical characteristics of 
Kassala state and the importantce of GAS. These general characteristics include spatial details 
ranging from geographic location, population, climate, geology and soil types, vegetation and 
livestock to the sizes of important features. It is also describing the study area in terms of its 
historical and political, which are presented in this chapter. 
Chapter three presents the data sources and a description of the major methodologies for 
collection of primary, secondary data, and methods for interpreting them by means of 
classification. This chapter focuses on the approaches of analysing the multispectral and 
temporal data, which include data acquisition, pre-processing and processing of data. This 
chapter presents and explains the approaches and methods of correction and of enhancement, 
which were applied to the data. Processing, such as the different classification techniques, 
vegetation indices models and techniques are also presented in this chapter. Approaches to 
change detection and post change detection are presented in this chapter, such as change 
vector analysis (CVA), multivariate alteration detection (MAD).  
Chapter four is highlighting the existing literature and introduces the study in the context of 
land use, land cover and land degradation concerning its factors, causes, pattern and impacts 
and LULC change and its drivers and impact. It also includes a review of several global 
studies and local studies, which are done in similar areas with important findings. Hazard 
impacts and gaps of knowledge that need further research guide to formulate the purpose of 
the study and central questions to be answered. As well as to discuss the relationship between 
vegetation and degradation, which facilitates the task of achieving the mapping, assessing of 
LULC change and land degradation status.  
Chapter five focuses on historical and fundamental concepts of remote sensing and GIS and 
their applications in monitoring vegetation cover, describing the relevance of RS and GIS in 
general regarding electromagnetic energy, wavelength and spectrum characteristics 
(transmittance, absorbance, and reflectance). A brief review of remote sensing data regarding 
its spatial, spectral, radiometric and temporal resolutions is also presented in this chapter. This 
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chapter also includes a review of some perceptions of classification techniques focusing on 
hard methods of unsupervised and supervised classification and post classification as well as 
of object oriented methods. Accuracy assessment of classification is also reviewed in this 
chapter. Relationships between remote sensing and vegetation and soil indices and change 
detection techniques (change vector analysis, tasseled cap and multivariate alteration 
detection) are reviewed in this chapter.  
Chapter six devoted to describe the major approaches that have been followed during analysis 
of both spatial and socio-economic data and how biophysical results have been related with 
socioeconomic issues and human behaviour. 
Chapter seven contains and presents the core of the research findings and highlights the main 
results of the study derived from analysis of all available data and discusses the major 
findings of the study with reference to existing knowledge, as well as relates them to the 
objectives, central questions and overall framework of the study. Finally, maps of land cover 
and land use are presented and disscussed.  
Finally, chapter eight presents concluding remarks and implications of the major findings in 
addressing prevailing challenges in the target areas and presents issues for further research. In 
addition it is explained how the objectives can be achieved using remote sensing as a tool 
along with the major procedures and software required. This chapter includes also the 
discussion of limitations, which constrain this research, and the outlook regarding the future 
work needed. 
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2 CHAPTER TWO 
2.1 Description and Importantce of the Study Area  
2.2 Background 
This section gives a detailed description and summary of the study area, which includes a 
general description of Sudan and some details for the Kassala State in terms of geographical 
location, land cover, climate, topography, water sources, livestock and others, in addition to 
the characterisation of the area, which was selected for the study. 
2.3 General description 
Sudan is located in the northeastern part of Africa, occupies an area of approximately 
1.865.813 km², and is part of the Middle East geographically and politically, a member of the 
league of Arab world and the Organization of Islamic Conference and the African Union and 
one of the most diversified countries in Africa (CIA World Factbook, 2011). The country is 
bounded to the east by Ethiopia and Eritrea, to the northeast by the Red Sea, to the north and 
north-west by Egypt, Libya, and Chad, to the west south-west by the Central African 
Republic, and to the south by South Sudan. After the separation of southern Sudan due to the 
referendum in July 2011, Sudan is become the second largest country in Africa after Algeria, 
and the third in the Arab world after Algeria and Saudi Arabia, and the sixteenth in the world. 
Sudan lies between latitude 8.45˚, 23.8˚ north, and longitude 21.49˚ to 38.24˚ east comprising 
6,751 km of total land boundaries and 853 km of coastline (CIA World Factbook, 2011) and 
occupies an important geopolitical position site among several strategic areas. It is considered 
as a gate or a crossroads and a bridge between Africa and the Arab world and the Middle East 
especially the Horn of Africa east and the coast west to the basin of Senegal, and Africa north 
of the Sahara and the Great Lakes region. Therefore, it is a focus of interaction, migrations 
and influences between Arab and south equatorial as well as South Africa. 
According to the estimates of the central bureau of statistics (CBS) and the estimation of 
UCLA, (2009), the population of Sudan is equivalent to 40.218.455 capita in 2009 growing at 
about 2.6 percent per year. This includes the population of the South of Sudan also before the 
separation. Due to the lack of data the population of South Sudan is between 5 and 10 million 
capita, and according to that the World Bank (2011) the population of Sudan without the 
South of Sudan comparision by 34.318.385 capita, figure (2.1). Two-thirds of the population 
(approximately 60%) live in rural areas. Therefore, the vast majority of the population is poor, 
with an average per capita income estimated in 2001 at 395$ (World Bank 2003). Using a 
growth rate of 2.6%, CBS of the whole the population was estimated to reach 43.1 million in 
2013 and 48.1 million by the year 2018. However, the rate varies significantly among the 
different regions, as well as between urban and rural areas (Haub, 2011). The main and 
dominant geographical feature is the Nile River and its tributaries 70% of the country area is 
situated within the Nile river catchments. The Nile River extends to about 1700 km from 
north to south and it divides the territory of Sudan into two parts, east and west and the 
Mesopotamian region between the Blue Nile and While Nile, which meet in Khartoum. 
Khartoum is called the triangular capital because it consists of three large cities, namely 
Khartoum, Omdurman and Khartoum North, (CIA World Factbook, 2011).   
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This figure shows the increase of population from 1970 to 2009. The census includes the population of South Sudan before 
the split. Till now there is no available data for the population without including population of South Sudan, except the 
estimated figures of World Bank (2011). 
Fig. 2.1: Population of Sudan from 1970 to 2009  
Source: CBS, UCLA, 2009 and World Bank (2011) 
The majority of the territory of Sudan is generally characterized by plains, which are sloped in 
an altitude range between 300 to 600 m above sea level to the east and west and from south to 
the north. Mountainous regions cover less than 5% of the total area. Topography of its land 
varies from the plains of alluvial in the centre, (e.g. plains of the Gezira) to the deserts of 
stone or sand like the Nubia desert, Alatamor Desert, and the semi deserts in the north. Of 
specific economic importance, is a region consisting of alluvial soils that is found along the 
White Nile and Blue Nile rivers, along the main Nile to Lake Nuba, in the delta of the Gash 
River in Kassala state, and in the delta of Baraka River in the area of Tokar near the Red Sea 
in Eastern Sudan. Dry lands occur in the center and south central and southeast, and a series 
of torsional hills in the east and northeast such as the Red Sea hills (2200-2700m). Scattered 
small rock masses are the Nuba Mountains in Kordofan and the mountains of Angsana in 
Blue Nile State. Other isolated hill ranges in different areas in the centre are the hills of 
Gadarif in the east and Mount Aldair in the West which do not exceed 1450 m in elevation, as 
well as Mountains of volcanic regions isolated in the far West and the East such as Marra 
mountain (3100 m) in Darfur and the mountains of Taka and Totiel in Kassala State and the 
Meidob Mountains in the northwest corner of Sudan (UNEP, 2007). The ironstone plateau 
occupies the south-western part of the country, while fixed and mobile sand dunes cover 
northern Sudan, particularly the west bank of Nile. However, as a result of ancient geological 
processes, erosion, and deposition, 95% of Sudan’s total land surface has an elevation of 
between 300 to 1200 m above the Sea Level with almost half of the area below 500 m 
including the valley of the Nile less than 300 m (Samir, 2005). 
However, 29 % of Sudan’s total area classified as a desert, 19 % as a semi-desert, 27% as 
savannah of less rainfall, 14 % as savannah of high rainfall, 10 % as a flood region (swamps 
and areas affected by floods) and less than 1% as mountain vegetation. The above ones are 
based on recent (FAO) figures. Variable soil types characterize the country, which reflects the 
broad climatic zonation of the country and the modifying effects of local factors such as raw 
materials and topography (Harrison and Jackson 1958; Craig, 1991). However, the soils in 
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Sudan are dominated by the central clay plain. About sixteen soil regions are identified in the 
country including Jebel Marra, Southern clay plain, central Kordofan basin, Nubian upland, 
Gash River and Tokar River deltas, alluvial plain complex, ironstone, marshes soils, and etc., 
(Samir, 2005). The territory of Sudan's interspersed by rivers, valleys, coves and tributaries of 
several seasonal and permanent rivers (Fadlalla, 2007). There are many seasonal rivers such 
as Gash, Tokar, Atbara, Setit, Dinder, Salam, and Rahad Rivers. As well as dry valleys such 
as; Hawar valley and the King valley, along with a number of ponds, swamps and seasonal 
creeks which receives the floodwater during the rainy season. In addition to some islands, 
reefs and capes on the coast of the Red Sea and lakes such as Nubian Lake in the far North of 
Sudan and other artificial lakes behind the dams. As well as the waterfalls (cataract) along 
with the Nile which begin in Halfa in the north of Sudan and ends in Sabaelloukh in the north 
of Khartoum. 
Sudan is characterized by climatic and environmental diversity, due to the geographical 
location in the tropical zone. The main ecological zones which are affecting Sudan differ 
radically across the country such as the Desert and semi-desert region in the north of line 12º 
N. vast daily and seasonal variation in temperature, with hot dry summer, and rainy cold 
winter (similar to Mediterranean climate) on the coast of the Red Sea and in Marra mountain 
in Darfur. Semi-desert climate exists in the north and central of Sudan and savannah poor 
climate in the south-central and in the South Kordofan western Sudan as well as savannah rich 
climate in the Blue Nile region to the southern frontier of Sudan (Sudan digital encyclopedia 
2011). Table (2.1) illustrates the vegetation and ecological zones of Sudan, while the climatic 
region of Sudan illustrates in figure (2.2). The mean minimum temperature ranges between 
18˚C to 21˚C in winter while the mean maximum temperature ranges between 42˚C to 44˚C in 
summer.  
Table 2.1: Vegetation and ecological zones of Sudan  
Zones  Location and characteristics  Annual Rainfall 
Desert  North of 17˚ N  
Limited vegetation growth 
around the river banks and 
seasonal valleys    
Less than 2 inches of rainfall 
(50 mm)  
Semi-Desert  14-17˚ N perennial  forklift 
trees resistant for drought and 
seasonal pastures in autumn 
2-8 inches of rainfall (50-200 
mm) 
Low Woodland Savannah  
(low rainfall savannah) 
10-14˚ N Acacia Scrub and 
Short Grasslands of North-
Central Sudan 
8-30 inches of rainfall (200-650 
mm) 
High Woodland Savannah  
(high rainfall savannah) 
5-10˚ N 
Board left trees, rich pastures 
and rich environment of 
wildlife  
30-50 inches of rainfall (450-
1300 mm) 
 
Source: Sudan digital encyclopedia 2011 
The potential evapotranspiration is higher than the actual rainfall in most parts of the country. 
The annual average rainfall ranges from nearly zero in the extreme north, where rainfall in 
those areas occurs once every five or six years, to approximately 500 -1000 mm in the center 
and southwest with over half of the country receiving less than 200 mm per year. Recent 
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severe climatic changes have caused floods and droughts in many areas of the country (Sudan 
digital encyclopedia 2011). The country being part of the Sudano-Sahelian region which, has 
been subjected to recurrent droughts, especially during 1970 and 1980. Sudan falls within the 
zone where the risk of desertification is great, this area covers of 65 million hectares, lying 
between latitude 12°-18° N extending across the country from east to west (DECARP, 1976). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2.2: Sudan climatic zones    
Source: Remote sensing authority – Sudan 2011 
2.4 Kassala State 
2.4.1 Location and importance of Kassala State  
Kassala State is considered one of the sixteen states of Sudan, located in the northeast of 
Sudan. The State lies between latitude 14⁰ 15 and 37⁰ 15 N and longitudes 34⁰ 30 and 37⁰ 55 E 
and shares an international border with Eritrea to the east, Red Sea State and River Nile State 
to the north, Gezira State in the west, and Gadaref State to the south (figure 2.3) . It covers an 
area of 341,000 km². Kassala State is composed of six localities (Mahaliyas) they are; Kassala 
locality, Kassala is the main town and the capital of the State situated in the centre of Kassala 
state, which located about 450 km (280 miles) east of the capital of Sudan (Khartoum). Setit 
locality (Khashm Elgirba is the main town) and further Gash locality (Aroma is the main 
town). River Atbara locality (main town is New Halfa). Hamesh Koreib locality (main town is 
Hamesh Koreib) and Telkuk locality (main town Telkuk). Among these administrative units, 
four are primarily rural while the two localities of Kassala and New Halfa are urban centers. 
The most characteristic features of the land are several seasonal rivers flowing from the 
Eritrean-Ethiopian highlands, particularly the Atbara and Gash rivers. Atbara River and its 
two tributaries Setit and Basalam rivers, have a flow of water during the greatest part of the 
year. Atbara River belongs to the watershed of the Nile. Gash river runs along a watercourse 
(wadi) (where the study area is located), carrying water directly to a very fertile inland delta 
(the Gash Die). The ground water sources are mainly confined to Atbara River bank and Gash 
basin in Kassala. The storage capacity of the basin is about 5000 million m³ with an annual 
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recharge of about 20 to 30 percent. Along with the Atbara River, ground water is found in 
thick deposits of approximately 7 m of sand with an average of output per borehole of 7000 
gallon/hour. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2.3: Location of Kassala state localities  
                Source: UN (WFP) and food security analysis 2009 
Distribution of population and land use patterns in Kassala state follows the amount of 
precipitation and the availability of a permanent source of water (Ibrahim, 1988). The 
estimation of Kassala State population was 1.686.385 inhabitants (CDF Reports, 2007). The 
population is mainly nomadic. One-fifth of the population lives in the state capital Kassala 
town. The annual growth rate of population is around 2.5%. The urban population is 19.3%, 
while the rural people are 80.7%. Pastoral people comprise 35% of the rural people and 25% 
of the total population of Kassala State (table 2.2 and appendix 2.1). 
2.4.2 Population of Kassala State 
The average household size in the state is 6 persons with a significant number of female-
headed households in rural areas as urban economic migration increases. Kassala is an 
ethnically diverse state (table 2.3). The largest clan is the Beja (Hadendowa). In addition to 
Beni Amir and Halanga are the two other main clans in Kassala. While, the Rashaida arrived 
from the Arabian Peninsula in the 1820’s and other large communities of Nubians displaced 
at the time of construction of the Aswan Dam were re-settled in 1960s mostly in Kassala state. 
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Most foreigners in the state are from Eritrea and Ethiopia, arriving as refugees over the past 
forty years with a few smaller African groups mainly from West Africa, for example, 
Nigerians. 
Table 2.2: Population distribution within localities (Mahalya) 
          Source: Ministry of finance, department of planning, 2007 
2.4.3 Climate  
Generally, the climate of Kassala State is hot and dust storms are frequent. Maximum 
temperature in summer months from March to May is between 35- 40⁰C, while in winter 
months from December to January it is between 14-18⁰C (figure 2.4 and table 2.4) annual 
precipitation ranges between 200-250 mm, occurring dominantly between May to October, 
(figure 2.5 and 2.6) while annual evaporation amounts to a range from 2 to 2.5 mm.  
Table 2.3: Distribution of ethnic groups in Kassala state 
 
 
 
 
 
 
 
Source: Modified from national census 2009, department of statistics, Khartoum - Sudan 
Effective rainfall is however hampered by its short duration, uneven distribution and high 
rates of evaporation (table 2.4).The overall trend of long-term decline in rainfall has been 
observed in Kassala State since the 1940s. According to the location of the State in the region 
of arid and semi-arid eco-climatic conditions, the state is divided into areas of arid climate in 
the northern parts and semi-arid climate in the southern parts while the central part is in 
between arid and semi-arid climate zone (UNDP et al., 1992). 
 
No Province (Mahalya) Capital                Population (%) of total 
(1000) 
No of   
households 
1 Kassala Kassala 325 (18.4) 51.587 
2 Rural Kassala Shamboob 233 (13.2) 36.984 
3 Western Kassala AbuTalha 126 (7.1) 20.000 
4 Nahr Atbara New Halfa 393 (22.2) 62.381 
5 Dalta North Wagar 96   (5.4) 15.238 
6 Rural Aroma Aroma 78 (4.4) 12.381 
7 Rural Girba Girba 109   (6.2) 17.301 
8 Rural Wad Al Hilawe    Wad Al Hilawe 65   (3.7) 10.317 
9 Hamashkorib Hamashokorib 130 (7.4) 20.635 
10 Talkook Talkook 212 (12.0) 33.650 
Total 10 1768 100 280.635 
Group % of total population 
Hadandawa 29.9 
Beni Amer                                                                                15.2 
Nigerian (Sudanese) tribes                             9.7 
Non-Sudanese (refugees) 8.8                                           
Tribes of Western Darfur                                                          7.7
Eastern Arab tribes (Rashaida)                                  5.0
Northern Arab tribes                                                                 2.5
Kawahla and Central Arabs                                                      2.7
Nuba groups                                                1.7
Others                                                                                       8.6 
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2.4.4 Geology and soils 
More than 80% of Kassala state consists of flat plains, whereas rocky outcrops and hilly 
terrain comprise the rest of the area. Alluvial and volcanic deposits cover the state and 
beneath these clays lay basement complex formations that are only a poor repository for 
ground water.  
 
 
 
 
 
 
 
Fig.2.4: Average of the minimum and maximum daily temperatures (1961-2010) 
Source:  Centre of Hydrometeorological Kassala State - Meteorological department- Kassala Station 2010 
Heavy dark clay soil (badoba) formations cover most of the land of Khashm Elgirba locality 
and continue towards the state’s southern border. This area supports irrigated and rain-fed 
cultivation, such as the New Halfa scheme, as well as most of the Butana area rangelands. The 
predominant vertisol soil in these areas are agriculturally useful, but difficult to work as they 
swell significantly during rainy season and create deep cracks during the dry season. Soils of 
the southwestern and northern parts of Kassala State are different. The northern part is 
covered by lighter, highly permeable clay soils deposited by seasonal valleys (wadies), while 
the southwestern parts are covered by a heavy clay soil. This soil base supports rain-fed 
systems of cultivation, such as the Gash scheme (Delta) and provides rich seasonal pastures 
for livestock.   
In the Gash scheme (delta), there are two broad groups of soils, which can be distinguished. 
The main types of (Alluvial) soils are known locally as Lebad and Badoba. The lebad soil is 
of the best quality, it is a clay soil mixed with sand, which resulted in a highly permeable. It 
makes up 50 % of the total scheme area. 
Table 2.4: Climatological data of Kassala state over 30 years (1967 to 1997) 
 
Source: Centre of Hydrometeorological Kassala State - Meteorological department – Kassala station 2010 
Month Temperature 
(C)  Mean                  
Rainfall 
(mm) 
Relative 
Humidity % 
Evaporation 
(mm) 
Wind 
prevailing 
direction 
Mean 
speed 
(Km/h) 
January 24.4 0.5 45 8.8 NNE 4 
February 25.7 TR 40 10.4 NNE 4 
March 29 3.6 33 13.1 NNE 4 
April 32.3 11.5 28 14.5 NNE 4 
May 33.4 17.25 29 14.9 S 4 
June 32.9 39.8 39 12.5 S 6 
July 30.3 90.25 57 8.4 S 6 
August 28.3 78.95 64 6.3 S 5 
September 31.3 71.65 54 7.6 S 4 
October 31.7 33.05 42 10.4 S 3 
November 29.8 8.9 39 10.2 NNE 3 
December 27.9 TR 54 8.6 NNE 4 
Year 354.95      
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Fig.2.5: Distribution of annual rainfall in the study area 
                 Source: Centre of Hydrometeorological Kassala State - Meteorological department – Kassala station 2010 
 
 
 
 
 
 
Fig.2.6: Average of monthly precipitation for the period (1961-2010) 
               Source: Centre of Hydrometeorological Kassala state- Meteorological department – Kassala station 2010 
             http://en.allmetsat.com/climate/chad-sudan-central-african-republic.php?code=62730. 
Although sandy soils are deficient in organic matter, but it bears more cropping pressure. This 
is because such soils are very easy to cultivate and it suits for the production of sorghum and 
other cash crops. However, the problem with such soils is that they lose their fertility very fast 
when stripped of their plant cover and it becomes very easily eroded and extremely sensitive 
to degradation. The Badoba soil is considered an inferior type of heavy clay, which found in 
the western side of the scheme, prone to swelling and cracking in dry season, and rather poor 
in soil structure and permeability. 
2.4.5 Livestock  
Animal resources play an essential role in the socio-economic development of the Eastern 
States of Sudan. For example, approximately 70% of Kassala State population depends either 
directly or indirectly on animal breeding. Where water is available, many areas are overgrazed 
and are practically bare because the livestock production system is based on fodder and water 
availability. The pastureland surrounds the major watercourses in the state and supports 
natural vegetation (such as Seyal, Samar, and Tundub trees). These areas often function as a 
grazing reserve for livestock during the periods of drought. In addition, Kassala state supplies 
the export of animals such as sheep, cattle and camels, and acts as a pass-way for animal 
exports delivered to Port Sudan at the coast of the Red Sea. 
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Table 2.5: Livestock population, Kassala State 
Source: Range and pasture administration of Kassala State 2010 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.7: Livestock around the source of water in the study area in dry season late of May. 
(Photograph taken by author 2010) 
 
 
   
 
 
 
 
 
 
 
 
 
 
Fig. 2.8: Land use: herder’s settlement inside the Gash river course. 
(Photograph taken by author in dry season, May 2010)  
Kassala State economy is highly dependent on animal breeding, hence the improvement and 
development of animal resources will help strengthen its economy and contribute in 
increasing household incomes. Therefore, open rangelands support rearing of large numbers 
of animals (table 2.5 and appendix 2.2). However, water deficiency is the major constraint for 
this activity and the people migrate to the southern area where water availability (figure 2.7 
and 2.8). Kassala State is estimated to have over seven million feddan of natural pastureland 
(figure 2.9). This area supports around three million heads of livestock in the state. It also 
Province Cattle Sheep Goat Camels Total 
Kassala 85.000 192.000 234.000 180.000 691.000 
Atbara 
river 
159.000 395.000 224.500 133.000 911.500 
Gash 148.000 267.000 177.000 103.000 695.000 
Setit 143.000 352.000 224.000 123.000 842.000 
Hamash 
Korieb 
63.000 160.000 219.000 36.000 478.000 
Total 598.000 1.366.000 1.078.500 575.000 3.617.500 
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supports a similar number of additional livestock that passes through the state on a seasonal 
basis due to international trading. 
 
 
 
 
 
 
A boundry  
River 
 
 
 
 
 
 
 
 
 
 
Fig. 2.9: Pastures available in Kassala state  
                 Source:  Range and pasture administration, Kassala State 2010 
2.4.6 Vegetation  
Harrison and Jackson (1958) made the important estimated classification of the vegetation 
cover of Sudan, which is widely used. It focuses on the general description of vegetation and 
ecological zones of the country, which consist of desert, semi-desert, low rainfall savannah 
woodland, high rainfall savannah woodland, flooded area and mountain vegetation. Kassala 
state is located in the semi-desert ecological zone with a single short rainy season. The 
vegetation in Kassala State is different and mainly desert and semi- desert with grassland and 
scattered shrubs (Harrison and Jackson, 1958). The most important forest trees are Acacia 
species that are represented by one or more species in almost every ecological zone as key 
species. These trees are abundant, productive, and palatable. They provide the bulk of the 
forage for grazing animals in the pasture (GDAC, 2000 and Suliman, 1986). 
Acacia mellifera and Acacia tortilis, the two fodder producing Acacia species, exist in almost 
all areas of Kassala. However, at the time of increasing rainfall broad-leaved trees such as 
Balanites aegyptiaca (Heglig), Ziziphus spina christi (Sider) and Acacia seyal constitute the 
most important forest resources, while Acacia nilotica (Sunt) is found only along Atbara 
River and the excavations (hafir) and depressions where soil moisture is abundant (UNDP 
1993). In the inland of Gash area, the original vegetation has been altered greatly by a long 
period of use. In the upper part of the Gash River Tamarix Spp. Tarfa and Prosopis juliflora 
(mesquite) are the dominant tree species (figure 2.10). Downstream there are also many other 
trees in addition to mesquite trees, such as Acacia nilotica (Sunt), Acacia seyal (Talh), 
Zizyphus spina Christi and Acacia ehrenbergiana (Salam) and shrubs such as Capparis 
decidua (Tundub) and Calotropis procera (Usher) and mesquite. Weeds are numerous such as 
Indigofera oblongifolia (Dehassir). In the north and west where the rainfall is lower, the 
vegetative cover is poor and includes scattered acacia trees, short grasses and shrubs. On the 
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clay soils in the northern reach of the Gash flood plain where the water table is shallow, the 
vegetation is dense and a significant area is covered with semi-evergreen woodlands. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.10: Mesquite trees are the dominant trees in the study area.  
(Photograph taken by author - May 2010)  
2.4.7 Natural resources and cultivated lands 
Two main rivers runs through Kassala State - Gash and Atbara rivers. The Gash stays dry for 
eight to nine months of the year and receives water in the other three to four months of the 
year from rainfall from the Eritrean hills. The most fertile area of Kassala State is the Gash 
scheme (delta) which is an alluvial plain and very fertile, supporting intensive agricultural and 
market garden activities. 
The Gash is subject to annual flooding providing water for the fruit, vegetable and crops 
growing areas while the Atbara River provides irrigation for the New Halfa Agriculture 
Scheme and fisheries harvesting of around 200,000 tons annually. The large irrigated schemes 
produce vegetables, fruits, wheat, millet, sesame, sunflower, and sorghum seeds. Critical 
elements affecting the water storage in the state include both the low underground water 
reserves and declining rainfall, which is unevenly distributed, with an average of less than 150 
mm. 
2.4.8 Land use and activities  
Crop production and animal raising are the main occupations, which determine land use 
patterns in Kassala State. Agricultural development and its demographic consequences in this 
state have established other forms of land-use. The area available for livestock production and 
forestry has significantly decreased, resulting in fodder shortage. The livestock production 
system is based on feed and water availability. The available area to provide stable fodders in 
Kassala State can be divided into wet and dry season pastures, which determines the seasonal 
movement of herds needed as these areas. The dry pastures are not accessible during the dry 
season due to lack of drinking water, as well as use in the wet season as long as water is 
available. While the wet pasture areas are attractive for grazing in the dry season because of 
the good pasture quality and the healthy climate. Therefore, these natural pastures are the 
major wet season feed resources. However, due to the expansion of mechanized agriculture 
from the south and the establishment of the irrigated schemes, the wet season pasture has 
terribly decreased. 
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2.5 Physical features of the area 
2.5.1 Historical overview and the importance of GAS 
During the period of the British colonial administration in Sudan, some very large spate 
irrigation systems and rain-fed systems were developed - in particular the Gash and the Tokar 
schemes. Both of these schemes are supplied by major rivers originating from Eritrea, the 
Gash and the Barka both ultimately disappear in inland deltas. These areas are also a home of 
a large number of livestock. Gash agricultural scheme (GAS) (figure 2.11) is considered the 
first scheme in Kassala state as a key anchor for the livelihood for the people of the Gash area. 
It was established in 1926. The scheme is located between latitudes 15.3 and 16.3 north and 
longitude 35.5 and 36.3 east, in the semi-desert region, irrigated by the Gash River, with a 
total area of approximately 900,000 acres, including 750,000 acres covered by the current 
irrigation system. Using cultivation in three years cycle (rotations system), 250.000 acres are 
cultivated each season. This area may increase or decrease depending on the river flooding, 
the report of preparations for the season of irrigation operations and the status of cleaning of 
mesquite trees and weeds. Some forests, villages and other settlements inside the scheme 
cover the remaining areas. However, the scheme was constructed for poverty reduction by 
cash economy improvement through cotton and castor cultivation as cash crops, as well as 
Sorghum as the main staple and cash crop (Anderson, 2011). 
Since the establishment of the scheme, it was managed by Company Cotton Project (CCP) 
and from 1967 by the Agricultural Gash Delta (AGD) as one of the institutions of the general 
organization for agricultural production. From 1980, it was under supervision of the 
Foundation Gash Agriculture (FGA). During those periods, other cash crops were grown in 
addition to the cultivation of cotton. During the drought periods, which plagued Sudan in the 
1980s, the scheme stopped growing cotton and other cash crops and converted to the 
cultivation of Sorghum crop (Dura) as one crop up to date.  
 
                                                                   
 
                                                                    
   
 
 
  
 
  
 
Fig. 2.11:  Location of the study area (modified by author, ASTER image, October 2010) 
During 1992 and due to reduction and limitation of (cultivated) land preparation, limitation of 
water for irrigation, and due to unequal land distribution, the scheme was converted to Gash 
Study area 
Kassala State  
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Agricultural Scheme management (Gash Agricultural Scheme (GAS) (figure 2.12). Before 
and since that the scheme went to decline, and deterioration hit all parts of the scheme such as 
invasion and spread of mesquite trees, accumulation of fine sand in most of agricultural areas 
and inside the main irrigation canals, which led to sedimentation, and a rise of levels higher 
than the river level. As consequence the irrigation system has become ineffective, the area of 
irrigation was reduced, consequently a reduction of the cultivated areas occured followed by 
signs of drought and desertification. Mesquite trees spread and irrigation canals are filled by 
silt and fine sand.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.12: Gash agricultural scheme design 
                    Source: Gash Irrigation unity 2010 
The gross area of the Gash scheme has been divided into large basins squares of 1600 ha 
which are known as "Hods". Each basin is subdivided into 25 squares, which are called 
"Murabba" of 64 ha. Each square is subdivided into 16 small squares of 4 ha, these are the 
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basic units of land distribution and design. However, the demarcation system is a great help in 
both agricultural and engineering operations. It makes mapping easier and allows to be done 
by those who are not trained in survey work. It also facilitates quick reporting of river flood 
movement, and allows canal allotments to mark out by minimum supervision. 
2.5.2 Characterization of the Gash River 
The Gash River rises above 2000 m in the Eritrean and Ethiopian highlands and has a 
catchment area of 21000 km2. It is characterized by an intensively varying degree of flood 
flows each year during three months extending over an effective period of 60-70 days. 
However, according to Lerner et al., (1990) in semi-arid regions the characteristics of the river 
flow can be classified as perennial, seasonal and ephemeral. The average annual discharge of 
the river is about 1000 million m³ depending on the amount of flooding (ILO 1989) table 2.6.  
The river falls completely dry in the dry season (October-June) and provides dry season 
grazing areas for the Beja tribe who raise cattle and camel, the latter for sale in Egypt, and 
arable land for the semi-sedentary Hadendowa tribe cultivators. A sandy bed with varying 
width and well-defined banks (one to two meters high) characterizes the river in upstream 
area. The bed slope of the river varies with an average of two m per km. Before entering 
Sudan, the river passes in a narrow rocky course, while dense palm trees populate the 
floodplains. From the morphological point of view, the Gash River is considered a braided 
river. Thus, it becomes wider and shallower. In such rivers, the flow takes many directions, 
resulting in an unstable river that changes its course.  
 
 
 
 
 
 
 
 
 
Fig.2.13: Maximum and minimum of annual discharge of Gash River 
     Source: Meteorological department – Kassala Station 2010. 
Figure 2.13 shows the maximum recorded discharge is 1430 million m3 for the period1983 
(annual flood flow), while the minimum discharge is 140 million m3 recorded in1921. It has 
to be noted that year 1983 represents the year before the peak of the drought in 1984, which 
stroke the whole African countries during the 1980s, particularly Ethiopia and Sudan. 
ILO, (1989) reports that the main intermittent river in Kassala State is the Gash river. The 
length of the river is 465 km2 before reaching Kassala town. The average annual flow is 483 
million m3. The lowest record is 140 million m3 and the highest record is 1430 million m3 
(figure 2.13). The average flow period is 88 days starting early July and ending late 
September. Its runoff is important for the recharging of the alluvial aquifers in the Gash Delta 
(Saeed, 1969). In addition to surface runoff generated within the State, including sheet flow, 
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gullies, existing mainly along of border areas. Watercourses are many, but small in size and 
carry a small amount of water with carrying fine sand towards the Gash Scheme (table 2.6).  
Table 2.6: Annual flow of water courses and rivers of Kassala State (million cubic meters) 
Source                                               Annual flow                      Utilized                                  Unutilized 
 
Atbara river                                            12.000                            5.000                                        7.000 
Gash river                                               1.000                              1.000                                        0.000 
Valleys (Wadis) of water courses           350                                 350                                           0.000 
Total                                                       13.350                             6.350                                        7.000 
Source:  Hydraulic Research Station, Kassala State 2010. 
2.5.3 Irrigation system in the scheme 
The major formation of irrigation in the State is gravity irrigation, which is used in New Halfa 
Scheme and flush irrigation by the natural flow of surface watercourses in valleys (wadis) 
such as the Gash Scheme. The area irrigated annually varies according to the variation in the 
river flow. The mean irrigated area annually is between 250.000 to 300.000 feddan. Irrigation 
from ground water sources is exclusively confined to the basin of the Gash River around 
Kassala town. Gash agricultural scheme is considered the first scheme of industrial spate 
irrigation in Sudan, the establishment of the irrigation system of the Gash River began in 
1930. This system of irrigation consists of six sections, which are Kassala, Makali, Degain, 
Tendelai, Metatib and Hadaliya based on seven main channels beginning on the west bank of 
Gash River and heading west for irrigation (figure 2.14). The distance between each channel 
is 10 km, the slope of these channels is ranging from 30 to 70 cm per km. The irrigated lands 
are distributed within the scheme into units called basins (Masga) which around 2000 to 3000 
acres and separated by barriers of soil varying in height depending on the amount of water 
entering to the irrigated basin. The irrigation by these barriers often is an open bridge or by 
pipeline with diameter of 90 cm distributed at distances of 1 km.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.14: The design of Irrigation system in the GAS 
 Source: UNESCO and the Hydraulic Research Station (Sudan) 2011 
The design of the irrigation in the scheme is typical for a flush irrigation system (figure 2.14). 
Water is directed through basic off take structures into the main canals leading to each 
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irrigation block. Water enters the masga (local name of irrigation unit with 2000 to 3000 
acres) through the masga inlet structure. The masga network consists of distribution canals 
spaced at about 1 km along the main canal, with one or more culverts with a diameter of 90 
cm. Once the water is released, it will spread as a thin sheet over the masga surface. A small 
guide barriers works for water orientation and prevents floodwater to entering the fallow land 
(Hateboer, 1989). The net command area served by the offtakes is around 250.000 feddans 
managed under a three-year rotation, with up to 180.000 feddans of crop grown each year. It 
may increase or decrease depending on the river flooding. The challenge of the effective 
institutional and policy arrangement for operation and maintenance is important for spate 
irrigation systems as understood from the formulation in the International Fund for 
Agricultural Development (IFAD) reports. The floods occur suddenly, only a few times per 
year or once with a short duration. Thus, if the system is not maintained and ready to be 
operated when the flood approaches all the water will be lost for irrigation and no harvest will 
take place for a full year. In the absence of such arrangements, structures in a spate irrigation 
scheme are likely to collapse or become dysfunctional. Operation and maintenance of 
practices in Gash Agricultural Scheme (GAS) seem to limit agriculture production. Although 
structures have been built to enable the command area in this scheme to increase to 50,000ha, 
this has not been realized. 
2.5.4 Fine sand sedimentation in Gash River 
Although the Gash River is seasonal, however, it has a high impact on its valley. Gash River 
seems to carry an exceedingly large charge of sediment, (Abdalla, 1994). Recent 
measurements and estimation of the sediment load showed enormous variations where the 
highest value exceeded 70,000 ppm, when compared to the highest recorded sediment 
concentration of 9,722 ppm during the fifties (Abdalla, 1994 and Bashar, 2010). The sharp 
increase in the sediment (8 times) shows the serious effect of the recent drought years (during 
the 1980s) on the Gash River catchment area. At the same time, it has a negative impact on 
the magnitude of the flood and its damaging capability. Assessment of sediment in Gash 
River course indicates that a huge amount of sediment has been deposited along the bed with 
variation in its thickness (1 to 3 m), especially in its bed, which acts as a bottleneck 
obstructing the flow and which might cause a significant reduction of the amount of water 
distributed towards to the scheme. 
2.5.5 Land tenure and land use in the study area  
Traditional land rights have been recognized to a large degree. Within the Gash irrigation 
scheme, Hadendowa tribe is allotted 75% of the land while the 25% of the land is allotted to 
other groups such as investors, horticulturists, and the government officials and irrigation 
managers. In the Gash scheme, the number of farmers is high, while the cultivated area is 
small and land allocation for cultivation depends on the size of the seasonally flooded area. 
Therefore, farmers who do not have tenancies on a permanent portion of land, but move from 
one site to another within clean irrigation block on a lottery basis as a fair system for equitable 
access to the wetland in order to ensure the best opportunity to gain irrigation water. 
However, the system is skewed towards who is more affluent and those who first pay the 
initial installment of water fees are given priority in the allocation of wetland. 
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The current system is strongly affected by stakes and is under the control of the most 
powerful elements in the main tribal society although the committee consists of some 
members of other social groups. Nevertheless, when the land allocation of the overall 
distribution is under tenancies, the committee is strongly biased in favour of the most 
powerful who can take large areas for themselves and then share it to sharecroppers or even 
hire wage labourers. They can also redistribute plots among others. The traditional system of 
distribution of basic food supplies by the leaders (sheikhs) to the poorest members of the 
community serves as a justification for the control over far larger pieces of cultivable land 
than allocated to ordinary farmers. This system helps to perpetuate a cycle of dependence by 
the poorest people, and political power and control by the hereditary of sheikhs. 
The allocation of land has been under severe stress since the extended drought in the mid-
1980s. While the irrigation scheme was originally designed for 12000 tenants, the number of 
tenants has increased considerably from 22000 in 1988 to 32000 in 1992, 42000 in 1998, to 
45000 in 2002. However, recently there is pressure from the additional demand for land by 
some 47000 households that have migrated to the Gash Die (where the river ends) north of the 
scheme. Consequently, the present average tenancy is less than one feddan. Because of 
restrictions of the supply of irrigation water only 10 % of this allotted area can be farmed 
which is insufficient to provide household food security. This is exacerbated by the 
inequitable distribution of land where 60 % of the land is held by 3% of the farmers, namely 
the tribal leaders who also control 200-300 feddan in each block to provide food for the 
poorest, and investors who may take 100 feddan. In general, this land is commonly worked by 
wage labour or through share-cropping arrangements (IFAD, 2003). The agricultural output in 
the Gash scheme (Delta) is below its potential. Thus, there are many offered projects seeking 
to increase the potential of the scheme production one of them is afforded by IFAD under the 
name of Gash Sustainable Livelihoods Regeneration Project. This project aims to boost the 
usage of the Gash scheme area by benefiting from the availability of natural resources, 
availability of better marketing opportunities in the domestic and international market centers. 
2.5.6 Crop production in GAS 
Recently, Sorghum crop is grown in the scheme, being the most important annual crop for 
both domestic food and human security. The percentage of farmers in the GAS is too high, 
while the cultivable land is too small and it thus not sufficient. The land allocation for 
cultivation depends on the amount of the rainfall and the seasonal flooded area (tables 2.7, 2.8 
and 2.9) (appendices 2.2, 2.3 and 2.5). Agricultural production in the GAS is very low 
compared to its potential productivity.  
Table 2.7: Target, irrigated and cultivated areas in GAS for the season 2008 
 
 
 
 
 
 
 
 
  Source: Administration of GAS 2010  
Division Target area/Fed Irrigated area/Fed Cultivated area/Fed 
Kassala 18500 15500 8500 
Macly 14000 9000 7000 
Deghin 20000 16000 9500 
Tendlay 20500 15000 11000 
Mtatib 10000 7500 5500 
Hadalya 7000 3000 2000 
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Table 2.8: Target, irrigated and cultivated areas in GAS for the season 2009       
               
Source: Administration of GAS 2010       
Table 2.9: Target, irrigated and cultivated areas in GAS season 2010 
 
 
 
 
 
    
 
 
  
 Source: administration of GAS (2010) 
Table 2.10: Total cultivated areas during the seasons 2000 to 2010 
 
 
 
 
 
 
 
 
 
Source: Administration of GAS 2010 
In addition, the agriculture in the GAS suffers from the following constraints:  
- The critical shortage of available resources for the reconstruction of Gash and lack of 
mechanisms of financing compared to the size and nature of the work required.  
- The absence of crop structure factors (food crops and other cash crops). 
- Mesquite colonies cover large areas of cultivated land, which affects the irrigation system.  
- Conflicts between pastoralists and farmers as well as between the farmers themselves  
- Lack of funding and infrastructure 
Consequently, cultivated areas began to decline until 2005, and then increase and decline 
from 2009 based on the apove resaons (table 2.10 and appendix 2.6). 
2.5.7 Invasion of mesquite trees 
Mesquite trees or shrubs are evergreen leguminous plants and have many features that enable 
it to invade and dominate marginal ecosystems and ability to avoid water stress endowed by 
its rooting system, which has enhanced the competitive success in semi-arid environments to 
Division Target area/Fed Irrigated area/Fed Cultivated area/Fed 
Kassala 15000 15000 10000 
Makli 15000 16000 14500 
Degin 15000 13000 9000 
Tindilai 21000 6000 5000 
Metateb 14000 4000 3000 
Hadalya 7000 5000 4000 
Division Target area/Fed Irrigated area/Fed Cultivated area/Fed 
Kassala 19000 11000 9000 
Makli 30000 18000 14000 
Degin 16000 13000 8000 
Tindilai 18000 15000 8000 
Metateb 20000 4000 2000 
Hadalya 6000 4000 1500 
Cultivated area Seasons  
31827  2000-2001 
32565  2001-2002 
48500 2002- 0032  
54564                 2003-2004 
26200 2004-2005 
65000 2005-2006    
72370 2006-2007   
59000 2007-2008    
46725 2008-2009  
42000 2009-2010 
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the detriment of native vegetation (Roberts, 2006). In addition, invasion of mesquite reduces 
the growth and survival of indigenous vegetation. The farmers in the study arrea claim to have 
lost their farmlands due to mesquite invasion, others complain that not only is it costly to 
clean, but also destroys agricultural crops, while others are wary of mesquite “thorns” which 
are harmful both for farm workers and their machinery also. Herders mentioned that the 
mesquite seeds bring some of the animal diseases. Additionally, the trees consumption of 
underground water threatens the agriculture in Sudan (Sudan Update, 2007). The trees were 
introduced to Sudan in 1917 (Brown & Massey, 1929), mainly for forestation to combat 
desertification and to provide fuel wood. The bulk of mesquite infestation (>90%) is in 
eastern Sudan, where livestock keeping and subsistence cultivation constitute the main source 
of income. The mesquite is found in the Gash delta from Kassala northwards, passing the 
scheme, and southwards up to the borders with Eritrea, along Atbara River. It extends from 
the Gash delta up to 130 km to upstream along Kassala, Gadaref and Port Sudan highway 
(figure 2.15). The rate of spread of mesquite in eastern Sudan, as revealed by aerial 
photographs, successively taken in 1962, 1978 and 1992 and by a survey undertaken in 1996, 
was initially low. However, an increase in the rate of spread, 371 ha per annum, was observed 
during 1978-1992. During 1992-1996, the average rate of spread increased to 460 ha per 
annum (Elsidig et al., 1998) (table 2.11).  
Mesquite trees invaded and covered more than 50% of the scheme area, which covering the 
most suitable appropriate cultivable space. This situation forced some settlers and farmers of 
the region to use the mesquite trees to produce wood fuel, charcoal, building materials and 
others. Anyhow, the main use is making charcoal, which has negative impacts such as (a) 
extra cost of land preparation for agricultural production, (b) reduction of rangeland 
productivity, (c) adverse effect on the pastoral environment in general, and (d) negative 
impact on biodiversity. Mesquite trees affect livestock as well, thus prompting some farmers 
and herders to avoid the grazing in areas invaded by mesquite trees and to move to other areas 
free of mesquite trees. In most of the infested sites, mesquite forms impenetrable thickets, 
which working to choke and the exclusion of native vegetation and substantially changes 
community structure. Indigenous tree species were successively replaced by mesquite (Elsidig 
et al., 1998). Compared to the 1972 and 1987 have become abundant and cover large areas, 
and when compared to other decades ago spread is attributed to combating droughts, land 
degradation in the 1980s, and degraded soils (Sanjid et al., 2004). Droughts are frequent, once 
every 10 years, which induce large expansions of sand and active sand dunes providing 
habitats for the mesquite trees. 
Table 2.11: Mesquite trees spreading along Gash River during the Period 1962-1996 
             Year              Area covered (Feddan)           Hectares         Method of survey    
            1962                        174                                         70         Aerial photo (1962)    
            1978                        750                                       315         Aerial photo (1970)              
            1992                   10.960                                    4.578         Aerial photo (1992)              
            1996                   15.500                                    6.510         GPS survey (1996)  
Source: Institute of Environmental Studies and Food Foundation and (Elsadig et al, 1998) 
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Fig. 2.15: Invasive mesquite trees threaten the irrigation canals 
(Photograph by GAS archive, 2010). 
2.5.8 Source of fine sand and mobile sand 
Due to location of GAS in the semi-arid region, near to the Nubian Sahara and due to the open 
space area around the scheme, these areas is characterized by irregularity and a shortage of 
rainfall, prolonged dry seasons, high temperature and high evaporation. Such variation in 
climatic factors makes drylands more fragile and prone to sand movements. This led to 
movement of the sand towards the direction of the scheme and to deposition inside the 
cultivated areas. Furthermore, the Gash River, which is the source of irrigating of the scheme, 
also carries fine sand, which is deposited inside the cultivated area and inside the irrigation 
canals. Moreover, when the Gash river enters Sudan, the river appearance as a wide, shallow 
stream with a sandy bed and extensive floodplains on either side, where the Gash river tends 
to a wider and further run northward into an inland delta (Alredaisy, 2011). Thus, the Gash 
River carries a large amount of sediment and fine sand. It is estimated that the sediment load 
is between 5.5 to 13 million m3 per year. As such, sediment management has been the main 
challenge for the management of the GAS. Excessive sedimentation in front of intake canals 
prevents irrigation supplies into the scheme. The sediment has raised the riverbed by more 
than 2 m compared to the surrounding land level. 
According to Elkrail and Ibrahim (2008) the sand and clay of the plain are usually found in 
the river floodplain east and west of alluvial deposits. The alluvial deposits are formed by the 
action of Gash River during the flood seasons. They are composed of intercalating beds of 
unconsolidated coarse to fine grained gravel, sand, silt and clay.  
The GAS now is facing many problems, the most serious are siltation of alluvial sand. Despite 
this problem has solved by the annual clearance of siltation but it still has the following 
adverse effects: 
- The rise of the river bed level has caused of continuous changes of the river track, so that the 
river frequently misses its track, resulting in damages of adjacent areas; 
- The siltation accumulated in the channels which directly affects their capacity; 
- The continuous rising of the irrigated land with a resultant of reduction; 
- The accumulation of the silt in the shallow lands which blocking the feeding channels.  
The flood is controlled also by the adjacent outer banks have been raised as high as possible 
to avoid any breach may cause a complete diversion of the river. However, in spite of some 
attempts to mitigate the fine sand siltation, the siltation is still the biggest problem in the GAS 
and threatens this scheme (Hamid and Malla, 2011). 
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2.5.9 Loss of agricultural lands to other uses in (GAS) 
The agricultural land and water resources of the GAS are extremely limited, while the 
population of the area has rapidly increased with a very sharp increase during the last two 
decades. In the absence of a precise land use plan taking into account all the needs and 
competitions for the land (rain-fed, irrigated, horticulture, housing and urban expansion, forest 
and rangeland) as well as the land suitability and potential for sustainable development, there 
will be further major land degradation and more conflicts. Aware of the negative impacts on 
the land and water resources, the tenant’s union is calling for a precise and a firm commitment 
for an integrated land use plan. Without such a plan and the regulations to enforce it, the 
conflicts will keeps on rising. However, in the Gash scheme area, as elsewhere in Sudan, the 
level of rural poverty is closely related to the strength of agricultural production and 
productivity. The total cultivated area has decreased by estimation of IFAD to half over the 
past 20 years, and the total cultivated area per tenant has declined from seven to less than one 
feddan (fed). Managerial, institutional and policy factors are the root causes of this process of 
impoverishment, which has disrupted livelihoods in the Gash area. The most important among 
these factors is the absence of an agreed approach and absence of a plan for development in 
the area, which resulted in inequitable patronage systems and a lack of transparency in the 
management of resources and investments and the diversion of the surpluses extracted from 
the area away from reinvestment in the area. It is also relies on erratic support services in 
frequent exemption from or non-payment of services charges such as water rates, and 
weakening of social support mechanisms. The relatively harsh and fragile agroecology is a 
condition and the cumulative degradation of the natural resource base, which further 
aggravates the situation. 
2.5.10 Recent and future efforts to rehabilitate the GAS 
There are some government efforts to rehabilitate the scheme, such as a conference, which 
was held in 1992 for the reconstruction of Gash scheme, which resulted in the formation of 
the commission for the reconstruction of GAS. However, due to the proportion of the 
economic conditions of Sudan and a lack of funding, the commission was failed to play its 
part as required especially with regard to attempting to raise funding for the scheme. In the 
framework of searching for external funding to support the scheme, the government of Sudan 
and the International Fund for Agricultural Development (IFAD) were approved to funding 
rehabilitation of the scheme in order to assist and redesign the scheme. Obtaining the approval 
of IFAD for entering to financing the scheme, determine the conditions of land tenure for 
farmers and rebuilding the management and standardization. The overall goal of the project is 
to regenerate the livelihoods of a majority of the people (both sedentary and nomadic) in and 
around the Gash Delta. Before funding, the scheme has been evaluated using a holistic 
assessment method in order to reveal the knowledge of the various aspects of rural livelihoods 
strategies, which are used by poor people to overcome poverty. Therefore, by focusing on 
their strengths (human, social, physical and natural), their aspirations and their capacity it is 
intended anable them to help them to achieve their dreams and to encourage them to take a 
more positive appreciative approach to development regarding to their capabilities and self- 
strengths , rather than their weaknesses. This makes it easier to help them and find solutions 
based on their own abilities, and strengthens confidence to do so. However, IFAD will start to 
finance the scheme under the name of the project of renovation of sustainable livelihoods of 
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Gash area, which includes the rehabilitation of Gash Scheme and to reform the scheme. The 
program aims to increase the cultivated area of up to more of 120000 acres, by minimize the 
area, which was covered by the mesquite trees. It also supporing the rehabilitation of 
irrigation network, internal roads, bridges, drinking water, mitigating poverty, the land 
ownership, as well as the introduction of cash crops such as cotton, sunflower, maize 
sorghum, improvement of existing crop species, care of livestock in the region and the 
development and promotion of interest in education to contribute to the social change 
required. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
33 
 
3 CHAPTER THREE 
3.1 Materials and Methods 
Traditional methods for monitoring land-cover change relying on field data and aerial spaceborne 
photography can be costly and time-consuming for relatively large areas (Peterson et al., 2004). 
Remote sensing is a methodology in the multi-disciplinary approach (Theil-Willig 1993). In recent years, 
the application of remote sensing techniques has been used in many thematic areas (e.g., earth 
Sciences) has been extended, and supplemented the conventional methods of data collection (Badawy 
2008). The methodology adopted for this study considered the following; data acquisition, 
different image correction techniques including e.g. georeferencing and geometric, 
radiometric and atmospheric corrections and image enhancement. Hybrid unsupervised and 
supervised classification techniques were used. For further emphasis on classification, object 
oriented classification was also applied. Figure 3.1 shows the methodology flow chart for this 
research work. 
3.2  Satellite data selection and image sub-setting 
The approaches of the study are bassed upon of multi-temporal satellite data, which have been 
used for this research to study the LULC of the Gash Agricultural Scheme (GAS) and the area 
around it. The data were divided into remote sensing data and ancillary data. Multi-spectral 
imagery was the main remote sensing data used in the current study. Due to the unavailability 
of other sources of data, Landsat imagery represents the only available data source for 
detecting historical LULC changes in the study area. Moreover, its consistency of acquisition 
over the last five decades and reasonable spatial resolution makes it an indispensable means 
for LULC classification in the region. 
Three cloud-free Landsat satellite images as well as an ASTER image were selected to cover 
the study area of GAS and the area around it (approximately 2055 km² is the total area of the 
image subset), which are in the northwest of Kassala State, eastern Sudan. The data were 
acquired in the years 1972, 1987, 1999 and 2010. The database was selected based to different 
platforms and sensors such as Landsat 1, Landsat 5, Landsat 7 and Terra. These data were 
Landsat imagery of Multi-Spectral Scanner (MSS) 1972 (band 1, 2, and 3), Thematic Mapper 
(TM) 1987 (band 2, 3, and 4), Enhanced Thematic Mapper plus (ETM+) 1999 (band 2, 3, and 
4), and Terra ASTER 2010 (band 1, 2, and 3N). The characteristics of the database are 
illustrated in table 3.1 and figure 3.2. MSS, TM, and ETM were obtained from GLCF as 
available free of - cost and could be downloaded, while the ASTER 2010 was ordered free 
from the USGS Global Visualization Viewer (GLOVIS). The characteristics of this imagery 
are illustrated in tables 3.2, 3.3, 3.4, 3.5 and 3.6. The MSS image 1972 was used as a 
historical data while the ASTER data is the most recent one for the study area. The database 
was selected depending on the nature of the study area. The period of the dry season is the 
availability of the data to perform the objectives of the research. Therefore, to avoid seasonal 
fluctuations and changes in vegetation cover with long-term decreases or increases in cover, it 
is preferable to use imagery that is recorded at times when the development of different 
vegetation is identical or at a very similar stage. The imagery was used then acquired at the 
same time of the dry season in the study area. The reasons for selecting Landsat imagery are 
due to the free access, appropriate spatial and spectral resolution, and relevant to the 
objectives of the study. 
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Fig. 3.1: Flow chart of work approach 
3.2.1 Multi-spectral scanner (MSS) image 
The first earth observation satellite of the Landsat series was launched in 1972. The satellite 
was called Earth Resources Technology Satellite (ERTS-1). It was later renamed as Landsat-
1. Each scene of an MSS image covers 185 km X 185 km in area and has a spatial resolution 
of 79 m X 57 m. The Landsat MSS sensors produce imagery in 4 spectral bands that 
simultaneously record reflected radiation from the earth's surface in the visible green, red, and 
near-infrared portions of the electromagnetic spectrum at MSS 4 = 0.5 - 0.6 µm (green), MSS 
5 = 0.6 - 0.7 µm (red), MSS 6 = 0.7 - 0.8 µm (photo-IR), and MSS 7 = 0.8 - 1.1 µm (near-IR). 
Satellite Digital Data 
ASTER 2010 ETM+1999 TM1987 MSS1972 
GPS training samples 
Image Preprocessing 
Image corrections 
Geometric (Geo-refercing) 
Radiometric (Atmospheric) 
 
NDVI, SAVI, MSAVI and GSI  
Image processing 
Soft classification Hard classification 
Image transformation 
Object oriented Supervised  Unsupervised   
CVA, MAD 
Segmentation Maximum likelihood 
LU/LU classes 
Accuracy assessment 
Assessment degradation 
Output Maps 
Climatic data 
Ancillary Data 
Socio-economic data 
Change detection 
 
Enhancement  
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Fig.3.2: Satellite imagery (R, G, B = 4, 3, 2) covering the study area. 
(A)Full scene (ETM+ original image) and subsets of: (B) ASTER 2010 (C) ETM+1999 (D) TM 1987 
(E) MSS 1972 (4,2, and 1).  
 
Moreover, band 1 can be used to detect green reflectance from healthy vegetation, band 2 can 
be used to detect chlorophyll absorption in vegetation, and bands 3 and 4 are designed for 
recording near-infrared reflectance peaks in healthy green vegetation and can detect water- 
land interfaces. It is worth mentioning that MSS does not contain a blue band. Table 3.1 
shows the specifications of MSS image. 
Table 3.1: Properties of the database used in the study 
 
 
 
 
 
 
3.2.2 Thematic mapper (TM) image 
This sensor has been added to Landsat 4 in (1982), 5 in (1984), and 6 (this last failed to attain 
orbit during launch and thus has never returned data) and a modified version to Landsat-7 in 
(1999). The size and shape of full TM image from Landsat- 4 and 5 are identical to the MSS 
imagery, but the TM sensors feature has seven bands of image data that simultaneously record 
reflected or emitted radiation from the earth's surface in the blue-green, green, red, near-
infrared, mid-infrared, and thermal portions of the electromagnetic spectrum. Most of these 
bands have 30 m spatial resolution. TM is a scanner, which takes multi-spectral images across 
its ground track. The Thematic Mapper has become a useful tool in the studies of climate 
change and useful in vegetation cover.  
Satellite Acquisition date Spectral bands Ground resolution 
Landsat-1 MSS       15.Nov.1972 1 – 4 bands                               57 m
Landsat-5 TM 21.Nov.1987 1 – 7 bands 30 m 
Landsat-7 ETM+    22.Nov.1999 1 – 7 bands 30 m 
ASTER 3. Oct. 2010 1 – 3 bands 15 m 
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Table 3.2: Specifications of MSS 1972 image 
 
 
 
 
 
 
 
 
 
Furthermore, Band 1 is superior to the MSS band 4 in detecting some features in water. Band 
5 is sensitive to variations in water content, both in vegetation and as soil moisture. Band 7 
likewise reacts to moisture contents and is especially suited to detecting hydrous minerals 
(such as clays or certain alteration products) in geologic settings. Table (3.3) shows the 
specifications of TM image. 
Table 3.3: Specifications of TM 1987 image 
 
 
 
 
 
 
 
3.2.3 Enhanced thematic mapper plus (ETM+) image 
Landsat Enhanced Thematic Mapper plus (ETM+), was introduce with Landsat 7, the 
(extended thematic mapper) sensor is an eight band multi-spectral scanning radiometer to 
providing medium-resolution imageries of the earth. The observation bands are essentially the 
same seven bands as TM. The newly added panchromatic band 8, detecting visible, near-
infrared, short wave and thermal infrared frequency bands, with a spatial resolution of 30 m 
for the bands 1 to 7, while band 6 has a resolution of 60 m and the panchromatic band 8 has a 
resolution of 15 m. 
3.2.4 ASTER satellite imagery  
ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) is a 
multispectral system of five remote sensory devices on board, the Terra satellite launched into 
orbit by NASA spacecraft in 1999. The main task of the ASTER system is to image the 
earth’s surface temperature, emissivity, and reflection as part of the earth monitoring system 
EOS. The instrument collects data since February 2000. ASTER instrument provides the next 
generation in remote sensing imaging capabilities compared with the older Landsat Thematic 
Mapper and Japan's JERS-1 OPS scanner (NASA, 2004). ASTER is a cooperative effort 
between NASA and Japan's Ministry of Economy Trade and Industry (METI), with the  
Satellite    Landsat 1 
Acquisition date 5.11.1972 
Path / row 49/171 
Spectral bands (µm) 0.5-0.6 (green) 
0.6-0.7 (red) 
0.7-0-0.8 (near-infrared) 
0.8-1.1 (near-infrared) 
Spatial resolution 60*m 
Bit numbers 7 bits 
Satellite    Landsat 1 
Acquisition date 21.11.1987 
Path / row 49/171 
Spectral bands (µm)  0.45-0.52 (blue) 
 0.52-0.6 (green) 
 0.63-0.69 (red) 
 0.76-0-0.90 (near-infrared) 
 1.55-1.75 (mid-infrared) 
 10.4-12.5 (thermal) 
 2.08- 2.35 (mid-infrared) 
Spatial resolution 30 m 
Bit numbers 8 bits 
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Table 3.4: Specifications of ETM+ 1999 image  
 
collaboration of scientific and industry organizations in both countries (Abrams, 2009). 
ASTER data is use to create detailed maps of surface temperature, emissive, reflectance, and 
elevation of the Earth's surface. Furthermore, ASTER satellite system has wide spectral 
region coverage of the Earth with 14 bands ranging from visible to thermal infrared and 
relatively high spatial, spectral and radiometric resolution range from 15 to 90m, allows to 
distinguishing a variety of surface materials, reduction problems in the interpretation of some 
lower resolution data resulting from mixed pixels. An additional backward- looking near- 
infrared band provides stereo coverage (Abrams, 2009 and Yamaguchi et al., 1998).     
The spectral bands (table 3.5). In comparing with Landsat bands, ASTER consists of three 
different subsystems (figures 3.3 and 3.4). The Visible and Near Infrared (VNIR) has three 
bands with a spatial resolution of 15 m in 8-bits unsigned integer data. The Shortwave 
Infrared (SWIR) has 6 bands with a spatial resolution of 30 m in 8-bits unsigned integer data 
and the Thermal Infrared (TIR) has 5 bands with a spatial resolution of 90 m in 12-bits 
unsigned integer data. Each subsystem operates in a different spectral region, with its own 
telescope (s); In addition, one more telescope is used to view backward in the near-infrared 
The ASTER data used in the study was L1b which was atmospherically corrected and geo-
referencing to the WGS84 datum and Universal Transverse Mercator (UTM) projection 
(Abrams, 2009). Just the three first bands (VNIR) of 15 m resolution were applied also. 
3.3 Image mosaicing 
Imagery mosaicing is a technique to paste together several portions to create a panoramic 
mosaic, which gives a complete view of the scene. In this study, an image mosaic approach 
was applied using ERDAS for two portions of ASTER scenes were acquired at the same time 
on 03 November 2010. Homogeneous coordinates were used to represent points. The 
overlapped points for each RGB channel were interpolated to generate mosaics for the full 
ASTER scene. 
Satellite    Landsat 1 Principal Applications 
Acquisition 
date 
22.11.1999 22.11.1999 
Path / row 49/171 49/171 
Spectral 
bands (µm) 
1)  0.45-0.52 (blue) Distinction of soil, water and vegetation 
2)  0.52-0.6 (green) Distinction of vegetation 
3)  0.63-0.69 (red) Distinction of vegetation and soil 
4)  0.76-0-0.90 (near-
infrared) 
Biomass and urban areas 
5)  1.55-1.75 (mid-infrared) Distinction of vegetation, rocks, snow and 
cloud 
7)  2.08- 2.35 (mid-infrared) Amount of water in vegetation and soils 
- Optical bands  
- Thermal Measuring of temperature 
- Panchromatic Distinction of large areas 
Spatial 
resolution 
30 m and 15 m  
Bit numbers 8 bits  
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Table 3.5: ASTER image specification  
 
3.4 Principal components analysis (PCA) 
Principal components analysis (PCA) is a useful statistical technique that has found 
application in fields such as face recognition and image compression, and is a common 
technique for finding patterns in data of high dimension. Furthermore, the central idea of 
principal component analysis (PCA) is to reduce the dimensionality of a data set consisting of 
a large number of interrelated variables, while retaining as much as possible of the variation 
present in the data set. This is achieved by transforming to a new set of variables, the principal 
components (PCs), which are uncorrelated, and which are ordered so that the first few retain 
most of the variation present in all of the original variables. Furthermore, in remote sensing, 
PCA is often used as a data-compression technique without much loss of information (Smith, 
2002). Since colour display facilities are defined by three channels, it is often difficult to 
appreciate visually all of the information available in multispectral data. According to (Rigina 
and Rasmusen, 2003) PCA may allow the available information to be displayed in two or 
three dimensions. 
 
 
 
 
 
 
 
 
 
 
Fig. 3.3:  Spectral bands of ASTER within electromagnetic spectrum wavelength 
Satellite Sensor Bands 
(N) 
Spectral 
Range (µm) 
Spatial 
Resolution, m  
Quantization 
Levels  
Aster VNIR 
(Visible Near 
Infrared) 
1 0.52-0.60  Green 15 8 Bits 
2 0.63-0.69  Red 
3  0.78-0.86  NIR 
Near Infrared 3B 0.76-0.86 15 Backward  
SWIR 
(Schrot Wave 
Infrared)  
4 1.60-1.70 30 8 Bits 
5 2.145-2.185 
6 2.185-2.225 
7 2.235-2.285 
8 2.295-2.365 
9 2.360-2.430 
TIR 
(Thermal 
Infrared)  
10 8.125-8.475 90 12 Bits 
11 8.475-8.825 
12 8.925-9.275 
13 10.25-10.95 
14 10.95-11.65 
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Fig. 3.4: Comparison of Spectral Bands between ASTER and Landsat-7 (Source: Abrams et al., 2009). (Note: % 
Ref is reflectance percent). ASTER user handbook, Jet propulsion laboratory/california institute of technology. 
3.5 Imagery processing 
3.5.1 Imagery preparation and analysis 
Image preparation, it is an important issue in remote sensing; it requires several processing 
steps for better identification of the image features. Image processing of remotely sensed data 
for feature identification relates to the range of image enhancement and information 
extraction procedures. The goal of image enhancement is to improve the interpretability of an 
image by increasing the apparent distinction between features (Lillesand et al., 2008). Digital 
image processing is largely concerned and involved the manipulation and interpretation of 
digital images from remotely sensed data via four basic operations: image restoration, image 
enhancement, and image classification, and accuracy assessment, image transformation. In 
1972, the United States of America had launched Landsat 1 and the digital image had become 
widely available for land remote sensing applications. There are various sources of digital 
image data, ranging from commercial earth observations satellite systems, meteorological 
satellites, and airborne scanned data to airborne digital camera data. All of those forms of data 
would be processed and analyzed using digital image processing by software techniques. 
Digital image processing often involves procedures that could be mathematically complex. 
However, the objective of the processing is to introduce the basic principles of digital image 
processing. Digital image processing involves the following: 
(a) Remote sensing data import; and geo-reference, 
(b) Radiometric correction, 
(c) Geometric correction, 
(d) Image enhancement, 
(e) Image classification, 
(f) Map generation (for output of maps). 
3.5.2 Image pre-processing 
Satellite imagery is affected by various factors, which decrease image quality. Moreover, 
image preprocessing is necessary before the information is extracted from the image because 
it ensures that the image is as close to the true radiant energy and spatial characteristics at the 
time of data collection. Therefore, preprocessing commonly comprises a series of sequential 
operations, including atmospheric correction or normalization, image registration, and 
geometric correction (figure 3.5). Pre-processing functions involve those operations that are 
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normally required prior to the main data analysis and extraction of information such as 
radiometric, Geometric, atmospheric corrections. Geometric correction it is more important 
for change detection analysis and for facilitation of field information task. Therefore, 
Geometric correction was applied for geometric distortions due to sensor-Earth geometry 
variations and conversion of the data to real world coordinates (e.g. latitude and longitude) on 
the Earth's surface (Lo and Yeung (2002). Atmospheric correction was applied using Dark 
Object Subtraction (DOS) model of the ENVI software. It is worth to mention that, the 
imagery used in this study was already geometrically corrected by the provider at the LG1 
level for Landsat imagery MSS, TM, ETM+ and at the L1B level of ASTER image. 
Subsequently, Pre-processing of satellite sensor images is necessary. In order to establish 
more direct linkage between the data and biophysical phenomena, removal of errors, image 
noise, and masking of contaminated and irrelevant spots such as clouds or water bodies, 
which might lead to misinterpretation and detection of unreal change phenomena. Therefore, 
this requires several processing steps for better identification of the image features (Akhter, 
2006) and (Coppin et al., 2004). However, the pre-processing comprises of the range of image 
enhancement techniques ranging from simple stretching to transformation images as a 
precursor to digital image analysis to improve the interpretability of the image by increasing 
the distinction between features and other information extraction procedures.  
3.5.2.1 Image correction procedures 
Raw digital imageries generally contain geometric distortions, therefore, significantly that 
they cannot be used directly as a database without subsequent processing. The source of these 
distortions ranges from variations in the attitude, altitude, sensor platform velocity to factors 
such as panoramic distortion, earth curvature, atmospheric refraction, relief displacement and 
nonlinearities in the sweep of the sensor’s Instantaneous Field of View (IFOV) (Lillesand et 
al., 2008). Subsequently, Remote sensing imagery generally requires certain corrections due 
to undesirable sensor characteristics and other disturbing effects before performing data 
analysis.  
Typical corrections include noise reduction, radiometric calibration, sensor calibration, 
(atmospheric, solar, topographic, and geometric) corrections (Shah et al., 2008). 
Image geometric and location errors arise from a number of sources, including: 
• The curvature and rotation of the Earth during image acquisition and the uncertainty in 
the exact location of the satellite, 
• The wide field of view and finite scan rate of some sensors, 
• Variations in platform altitude and velocity, 
• Panoramic effects associated with the imaging geometry 
Consequently, the radiance measured by any given system over an object is influence by 
factors such as changes in scene illumination, atmospheric conditions, viewing geometry, and 
instrument response characteristics (Lillesand et al. 2008). The intent of geometric correction 
is to compensate for the distortions introduced by these factors, so the corrected image will 
have the highest geometric integrity of a map. 
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Fig. 3.5: Image pre-processing flow chart 
3.5.2.2 Image geo-referencing  
Geo-referencing is a system provides the ability to directly relate the data collected by a 
remote sensing system to the Earth, by accurately measuring the geographic position in the 
local mapping frame and orientation of the sensor without the use of traditional ground-based 
measurements. Most satellite imagery collected by sensors on satellite platforms or aircraft 
are receives as raw data without the application of any coordinate system (Lillisand et al., 
2008). The location information they contain is simply the row and column where the pixel is 
located in the image. In order to use satellite images for mapping or other purposes, these data 
must be rectified using Geo-coding or Geo-referencing by associating the centre of the pixel 
to a point on the earth's surface in one of the map projection systems.  
Consequently, in this study, registration of MSS, TM and ETM+ imageries based on control 
points collected from vector files for accurate and precise controlled areas selected from the 
study area. By using image-to-image method base on the ASTER image 2010, the images 
were geo-referenced. 
The reason that the data from different dates, were correct and rectified to the ASTER, 
because the ASTER data is most recent ground control points (CGPs) and most accurate 
geometry. 
3.5.2.3 Image registration and re-sampling  
Image registration is the process of aligning two or more images of the same scene taken at 
different times, from different viewpoints and/or by different sensors. Therefore, registration 
is necessary in order to be able to compare or integrate these data into one coordinate system 
(Fischer and Modersitzki, 2008). Moreover, accurate geometric rectification or image 
registration of remotely sensed data is a prerequisite for combining data from different 
sources in the classification process (Lu et al., 2013). Thus, image-to-image registration is 
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usually used for time series data like multi-temporal images over the same region in order to 
place the same coordinate system to disparate images (Lee et al., 2007).  
However, the registration is necessary for the comparison. Therefore, in this study the 
mismatch between the spatial resolution on Landsat MSS, TM, ETM and ASTER was solved 
by resampling the Landsat imagery of MSS, TM and ETM+. The data were rectified to 
Transverse Mercator projection and registered to the ASTER using 15 ground control points 
(GCPs) distributed properly, and nearest neighbour resampling was applied with an error 
(RMS) of the image-to-image rectification comes between 0.4 pixels for MSS, 0.31 for TM 
and ETM+ according to (Jensen, 1996). A precise image registration between different times 
is needed through a root mean square error (RMSE) not more than a maximum of 0.5 pixels a 
tolerable error for image registration. Wickham and Rhtters (1995) indicate that landscape 
metrics are not significantly affected by the change in pixel size up to 80 m if sensors with 
different spatial resolution generate the land cover classifications. To display the data with the 
same pixel size, the images were resampled to a pixel size of 30 m × 30 m. 
3.5.2.4 Geometric correction  
Conversion of data to ground coordinates by removal of distortions from sensor geometry or a 
process of warping the image to fit a planimetric grid or map projection to create a more 
faithful representation of the original scene. Geometric correction of satellite images involves 
modeling the relationship between the image and ground coordinates. This typically involves 
the initial processing of raw image data to correct for geometric distortions, to calibrate the 
data radiometrically, and to eliminate noise present in the data. Thus, the nature of any 
particular image restoration process is highly dependent upon the characteristics of the sensor 
used to acquire the image data (Lillesand et al., 2008. This process is crucial in remote 
sensing. Therefore, the accurate geometric fidelity is particularly important for studies of 
change detection analysis and also for studies, which incorporate field information. The 
objective of geometric correction is to compensate the error caused by the distortions and 
degradations from a sensor (Jenson, 2000). According to (Jenson, 1996; Mather, 1999; 
Lillesand et al., 2008) Without accurate sensor platform orientation parameters, these errors 
can only be corrected in image-to-map rectification or image-to-image registration with the 
use of ground control points (GCPs) and a suitable precision photogrammetric or empirical 
model. Therefore, to overcome this problem, an image to image was carried out in this 
research between every sequence two date of the images with an error range between 0.3 - 0.4 
pixels.  
3.5.2.5 Radiometric and atmospheric correction  
Every land feature always has a specific spectral signature. These spectral signatures can vary 
due to different factors, such as sensor characteristics, differences in illumination and 
observation angles, different atmospheric conditions, topography and date of image 
acquisition (Paolini et al., 2006). Furthermore, radiometric conditions influenced by many 
factors such as differences in imaging seasons or dates, solar altitudes, angles, meteorological 
conditions, coverage areas of cloud and rain or snow etc. Moreover, it may affect the accuracy 
of most of the change detection algorithms. Therefore, before applying processing, it is 
necessary to carry out radiometric correction (Leonardo et al., 2006). 
Radiometric correction was necessary to reduce or eliminate differences due to atmospheric or 
a sensor variation between the different dates, and to reduce the inconsistency between the 
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values surveyed by sensors and the spectral reflectivity and spectral radiation brightness of the 
objects. Lillesand et al., 2008 stated that the process of atmospheric and radiometric are 
important due to variations in scene illumination, atmospheric conditions, viewing geometry 
variations and instrument response characteristics. The necessity for atmospheric correction 
depends on the objectives of the study. In general, land cover identification, which is based on 
using one image, does not require atmospheric correction, because it can be assumed that all 
pixels in the image are equally affected by atmospheric processes, as the pixels are being 
compared with other pixels within the image. The validity of this statement depends also on 
the quality of the image (for example, an image displaying sever haze effects, spatially 
varying haze phenomena, or cloud, shadow effects may be suitable for classification).  
Atmospheric correction depends on the electromagnetic radiation (EMR) used for remote 
sensing passes through the atmosphere of the earth. Scattering and absorption is the mainly 
caused and effects on the signal of the atmosphere. Atmospheric absorption results in the loss 
of energy to atmospheric constituents (Singh 1998, Campbell 1996 and Lillesand et al., 2008). 
Scattering, the redirection of electromagnetic energy by particles suspended in the 
atmosphere, is the reason why the radiation arriving at the sensor consists of the following 
components: 
- Radiance reflected from the earth’s surface 
- Radiation scattered directly to the sensor without reaching the earth’s surface 
- Radiation scattered to the ground (diffuse radiation, skylight) being reflected to the sensor 
- Surface-reflected radiation partly scattered both directly to the sensor and to the ground. 
Thus, a sensor will receive not only the directly reflected or emitted radiation from a target, 
but also the scattered radiation from a target and the scattered radiation from the atmosphere, 
this called path radiance (Lillesand et al., 2008). However, because the study use imagery 
collected by different sensors and dealt with several vegetation indices so atmospheric and 
radiometric calibration was implements to eliminate possible atmospheric perturbations. The 
main task of this correction is, the atmospheric correction is the removal of effects of the 
passage of radiation through the atmosphere (Song et al., 2001).  
 
 
 
 
 
 
 
 
 
 
Fig. 3.6: Image before correction (left). Atmospherically corrected (right), ASTER image 
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Therefore, to overcome this problem, atmospheric modeling was applies via the ENVI 
software using Dark Pixel Subtraction (DOS) technique (figure 3.6). The (DOS) technique 
was used to remove the additive effect of scattered light because it is one of the oldest, 
simplest and most widely used procedures for adjusting digital remote sensing data for effects 
of atmospheric scattering (Song et al., 2001). Dark pixel subtraction assumes that the dark 
object, water has zero radiance for all bands, and that any nonzero measured radiance must be 
due to the atmospheric scattering into the objects pixels. The dark pixel reflectance values 
were subtracted from every pixel in corresponding band for all images of this study. 
3.5.3 Image enhancements  
Enhancements are used to make it easier for visual interpretation and understanding of 
imagery. The general aim of imagery enhancement is to highlight features of thematic interest 
such as vegetation, rock and soil properties, etc. (Lillesand et al., 2008). However, before 
starting visual interpretation of satellite imagery, some image enhancement techniques are 
applied to improve the quality and enhance the features of the imagery. Wide ranges of 
enhancement techniques are available depending on the user’s purpose, which are ranging 
from simple contrast stretching. For increase the tonal distinction between various features in 
a scene, spatial filtering for enhance (or suppress), specific spatial patterns in image, 
histogram matching and equalization, brightness inversion, haze and noise reduction to 
transformation images as a precursor for subsequent digital image analysis. However, contrast 
enhancement of images is a widely used procedure by brightness values of image (0-255) 
which stretched, like the bright areas appear brighter, and dark areas appear darker, making 
visual interpretation easier. Therefore, to display and record data more effectively for 
subsequent visual interpretation, some of these techniques were applied for increasing the 
visual distinctions between features in a scene doing different procedures to manipulate the 
contrast and spatial features by using contrast stretching of an image in this study. 
3.6 Visual interpretation 
The ability to recognize objects in aerial photographs and satellite imagery can be explained  
from knowledge of a landscape and its depiction, interpretation rules are developed to assign 
predetermined meanings to certain combinations of image properties, such as colour, form, 
size, texture or context and shadows more (Lillesand et al., 2008). Where it is decisive, that is 
base on fixed perception patterns to be facilitating for the fieldwork. 
In this study, visual interpretation has done before check the field survey in order to 
understand and interpret the nature of the features in the study area and to determine the target 
points that were facilitating the field work. Moreover, visual interpretation systematically 
examines the imagery regarding the variation of the pattern, shape, texture, association, and 
size.  However, visual interpretation provided a first impression of the LULC in the area due 
to the obvious of many colonies of vegetation cover, because of invasion of mesquite trees to 
the area. This corresponds and agrees with what has been mention by the interviewed farmers. 
Also was observed a signs of sand, particularly in the north and northwest parts of the area 
and inside the irrigation canals, due to location of the study area within the semi-arid region 
and or as a result of irrigation water of Gash river which carrying fine sand during the period 
of irrigation. 
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3.7 Colour- infrared and image display  
A satellite imagery, whether it is panchromatic (gray scale), colour, or colour infrared (CIR) 
imagery, is based on the fact that each type of land cover absorbs a particular portion of the 
electromagnetic spectrum, transmits another portion, and reflects the remaining portion, 
which can be recorded with a passive imaging system (Paine and Kiser, 2003 and Aronoff, 
2005). Satellites and high-altitude aircraft equipped to record scenes of the Earth use both 
visible and invisible parts of the electromagnetic spectrum. Near-infrared light is invisible to 
the human eye, but adding it to this imagery allows scientists to "see" the surface of the Earth 
in other than natural colours. The result is a "colour-infrared" image display. Therefore, for 
imaging purposes visble red, green and blue (RGB) are used to express the reflective qualities 
of objects in the EMS and a combination of these colours expresses the true physical 
reflective qualities of all objects present in an image (Lillesand et al., 2008). Interpretation of 
colour composite images depends on the manner in which the bands are assigned to the three 
principal colours used for the image display. The production of colour composite images is 
based on known spectral properties in relation to the selected spectral bands.   
A display of colour composite images in a colour scheme that is well balanced among the 
display colours is knowns as contrast-enhanced Colour Composite, which provide a contrast 
much better display quality of the area of investigation. Consequently, the image display of 
this study is generated by a combination of various bands displayed as red, green, and blue 
RGB, using bands 4,2,1 of Landsat MSS and 4,3,2 for both Landsat TM and ETM+ and 3, 2,1 
for ASTER imagery. Figures (3.7 and 3.8) shows the true colour and colour infrared display. 
 
                 Blue band on blue 
                    Green band on green 
                 Red band on red 
 
 
Fig. 3.7: Image RGB combination (True color’ composite). Source: Minakshi, 2013  
 
  
 
 
 
 
 
 
 
Fig.3.8: Image colour composite (colour- infrared in left and natural colour in right). ASTER image 2010 
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3.8 Field work activities and information  
3.8.1 Samples  
The collected field data have provided reliable data to guide the analytical process, such as 
creating samples to support supervised classification; also can be used to verify, evaluate and 
to assess the results of remote sensing investigations, provide information to model the 
spectral behaviour of specific landscape features (Lillesand et al., 2008). However, the aims 
of the fieldwork were gathering ground truth verification of the preliminary land cover to 
validate remote sensing information and assess land cover in the study area. 
Also determination and identifying of different levels of vegetation cover and its status 
according to the information and values of applying different vegetation and soil indices has 
been done during the period of field survey. The fieldwork was conducted between 15 April 
and 30 May 2010 during the late of the dry season, the same time of the years of the satellite 
imageries used in the study.  
 
 
 
 
 
 
 
 
 
 
Fig.3.9: Location of the training field samples in the study areas (ASTER image). 
Although the area is very large and hardly accessible, track of GPS and road sampling 
methods used to collect observations in order to intensify the training samples for improving 
the classification (figure 3.9).  However, field surveys can be very time-consuming and the 
results may be biased if the collecting data are extrapolated over a large area (Han et al. 
2012). The cost of such traditional field surveys could be one of the limiting factors for 
countries like Sudan. However, satellite imagery gives unique and indispensable capabilities 
for assessing and monitoring natural resources at comparatively moderate costs. 
3.9 Socio-economic data  
The historical land-use information via Questionnaire administration using an experience 
technique aimed to assess the vegetation change, impacts of human settlements and 
degradation events, collected by group discussions and interviews with the farmers, formal 
persons and local people perspective during the period from 1972-2010. 
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3.10 Secondary data 
On the other hand, some data collected from different related sources include: 
1.  Ministry of agriculture (Kassala state) Provide historical, reports, and structural designs of 
GAS.   
2. Gash agricultural scheme management (Administration) provide Several reports reviewed 
to obtain the data regarding the first proposed area, reports about annual production and target 
irrigated areas.      
3. Meteorological data (rainfall data), and  
4. Socio-economic data were collected via questionnaires, filled with farmer’s respondents. 
3.11 Image processing based on classification approaches 
Many imagery processing and analysis techniques have been developed to aid the 
interpretation of remote sensing imagery and to extract as much information as possible from 
the images. The choice of specific techniques or algorithms to use depends on the goals of 
each individual research. In this study, different procedures were used for analyzing and 
interpreting of remote sensing imageries.  
3.11.1 Image classification  
Classification is considered as an extraction of differentiated classes or themes, land use and 
land cover categories, from remotely sensed digital satellite raw data (Gorham, 1999). 
Moreover, it is the process of creating discrete classes or categories of land cover, utilizing 
information from some or all of the bands to group together pixels with similar spectral 
signatures, or pixels based that have specific spectral characteristics and to determine the 
various features or land cover classes represented by these groups (Lillesand et al., 2008).  
The essential task in this research is to manage the huge information derived from multi-
spectral imagery in form of spectral value in addition to shape, texture and context of the 
image segment. In general, the overall objective of image classification process is 
automatically cluster all image pixels into meaningful of land cover class categories 
(Lillesand et al., 2008). The result of classified image is comprised of a mosaic of pixels, each 
of which belongs to a particular theme and essentially a thematic "map" of the original image.  
Generally, classical classification divided into two general categories: supervised and 
unsupervised. The supervised approach involves the selection of areas on the image, which 
statistically characterize the informational categories of interest, while unsupervised approach 
attempts to identify spectral homogenous groups within the image that are later assigned to 
informational categories (Richards, 1993, Chuvieco, 1996, Lillesand et al., 2008). However, 
The study apply supervised classifier as a traditional per pixel approach based on spectral 
properties to evaluate the effectiveness of introducing the other image features information 
like shape and texture measure provided by the proposed innovative oriented-object analysis 
approach. 
It is also worthy mention that Google map and Google earth were frequently using whenever 
some confusion arose regarding the decision of LULC type. As known that Google Maps is a 
free web mapping service application and technology provided by Google. However, it is also 
a source of high-resolution satellite images for most urban and rural areas. It is quite useful to 
use to check the classified data from remote sensing images using Google earth program in 
order to check and compare the classified images. 
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3.11.2 Pixel-based image analysis classification  
Means the classic classification method, which classified images according to the spectral 
information in the image depends on ‘‘pixel-by-pixel’’ and one pixel can only belong to one 
class. Subsequently, in pixel-based image analysis approaches the main idea of image 
classification strategy is to categorize all pixels in an image into a homogeneous LU/LC 
classes based on pixel-by-pixel spectral properties (Lillesand et al., 2008). In the present 
study, the traditional classification method divided in two basic kinds of pixel-based 
classification approaches have been applied for different purposes, e.g. supervised 
classification and unsupervised classification as below.   
3.11.3 Unsupervised classification 
Unsupervised classification actually used when there is little or no knowledge about the 
distribution of land cover and land use types in the study area. Alternatively, this classifier 
involves testing algorithms for the unknown pixels in an image and aggregates them into a 
number of thematic classes representing natural clusters of the image values (Lillesand et al., 
2008). The classification method selected was an unsupervised K-means algorithm. The 
algorithms are based on the natural grouping of pixels according to spectral classes. There are 
numerous classification algorithms that can be used to determine the natural spectral 
groupings present in a data set (Lillesand et al., 2008). In this method, the pixels are organized 
into homogeneous clusters based on their spectral value rather than user-based specifications. 
This method allows the user to designate the number of iterations and the number of classes to 
create. The clusters are defined spectrally, which require the user to identify the spatial and 
information of classes, which created from spectral values (Lillesand et al., 2008). However, 
the computer mathematically calculates the distance from pixel to centroid, assigns the 
centroid the value of the spectral average of that cluster, and reassigns pixels to the centroid 
closest in value. The process continues until the cluster average, the centroid value, does not 
change or until the specified number of iterations is reached (Mather, 1999; Lillesand et al., 
2008). Figure 3.11 show a comparison between unsupervised and supervised classifications  
For this study unsupervised depends on the knowledge about the features of the surface and 
information acquired from different sources related to study area. Both pixel and Object-
oriented classification were used and compared to produce the land cover and land use of the 
study area. An unsupervised classification is very useful and very supporting tool in image 
processing for land cover and land use applications when a little knowledge about the area is 
unavailable or when reliable training areas are expensive or not available (Memarsadeghi et 
al., 2007, Kamusoko and Aniya 2009). Therefore, the unsupervised classification method 
ISODATA was used to check the spectral groupings of the pixels in each image, and facilitate 
to check the ground field points during the fieldwork task. 
3.11.4 Supervised classification 
In the study the supervised approach applied to pixel labeling requires to select representative 
training data for each of a predefined number of classes (figure. 3.10). According to 
(Richards, 2013) at its core is the concept of segmenting the spectral domain into regions that 
can be associated with ground cover classes of interest to a particular application. In practice, 
those regions may sometimes overlap. The user’s experience is very helpful in identifying and 
locating training areas (Tso and Mather, 2009).  The first step in undertaking a supervised 
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classification is to define the areas that will be used as training sites for each land cover class. 
This is usually done by using the on-screen digitized features. For this purpose, band is 
chosen with strong contrast (such as a near infrared band) or a colour composite image for use 
in digitizing. However, the major and important step in a straightforward to identify the 
supervised classification is the selection of training pixels (Richards and Jia, 2009). Prior to 
the identification of training pixels an intensive field survey (April and May 2010) was 
carried out and historical land-use and land cover information was collected from the study 
area and among interviewing pioneer farmers who were the first group in the area. 
In a supervised classification, the analyst identifies in the imagery homogeneous 
representative samples of the different surface cover types of interest. Thus, the analyst is 
"supervising" the categorization of a set of specific classes. The numerical information in all 
spectral bands for the pixels comprising these areas was used to "train" the ERDAS software 
to recognize spectrally similar areas for each class. ERDAS imagine determines the numerical 
"signatures" for each training class. Once the ERDAS has determined the signatures for each 
class, each pixel in the image is compared to these signatures and labeled as the class it most 
closely "resembles" digitally. Thus in a supervised classification first identifying the 
information classes which are then used to determine the spectral classes which represent 
them (Eastman, 1995). There are different classifiers methods such as; Mahalanobis distance 
(MD), minimum distance (MD) and maximum likelihood (ML) are commonly used in 
supervised image classification. The Maximum likelihood Classifier was selected as one of 
the common used method giving the much better and visualizes results, which it 
quantitatively evaluates both the variance and covariance of the category spectral response 
patterns when classifying an unknown pixel (Lillesand et al., 2008). The study utilized the 
training samples those were collected during the field survey mission to assemble a set of 
statistics to describe the spectral response pattern for each land cover class to be classified in 
the image. 
3.11.4.1 Maximum likelihood classifier (MLC)  
Maximum likelihood classifier is a popular hard classification process where remotely sensed 
data is based on information in a set of signature files. It is depended on the probability 
density function associated with a particular training area. In this process of classification 
pixels are represented to the most likely classes based on the comparison of the priority and 
probability that it belongs to each of the signatures being considered as a data file. It can be 
precise as a single value and can count of the applicable to all pixels, or as an image 
representing different prior probabilities for each pixel. Moreover, the maximum likelihood 
classifier delineates ellipsoidal “equiprobability contours” through a scatter diagram. The 
probability density functions are used to classify pixel 1 by computing the probability of the 
pixel value belonging to which category. After evaluating the probability, the pixel is assigned 
to the highest probability value of class category “2”. Otherwise, it can be labeled as 
“unclassified” if the probability values of all categories are below a threshold defined by user 
(Lillesand et al., 2008). As described in figure (3.10). However, these pixels or training areas 
were chosen to represent the spectral behaviour within every class. Training areas were taken 
for the following land use and land cover classes: (1) dense mesquite trees (D.M), (2) less 
dense mesquite trees (L.D.M), (3) cultivated land (clay soil) (C.L), (4) fine stabilized sand 
(F.S.S) and (5) mobile sand (M.S) (table 3.6). 
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Fig. 3.10:  Equiprobability contours defined by a maximum likelihood classifier 
3.11.4.2 Spectral of LULC classes information  
According to the field survey trip, it was carried out during the period from March to May 
2010 to check the training points and to collect information of land-use and land cover. 
Nevertheless, there exist no recent maps for the land-use activities from the authorities and 
institutions related to the study area.  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Fig. 3.11: Flowchart of clustering supervised and unsupervised classifications 
Consequently, the information classes are the categories of interest to the user of the data 
(Campbell, 2002). Every category corresponds to a specific type of ground cover or feature to 
be extracted from remotely sensed data (Gao, 2009). Moreover, every feature on the surface 
records its reflectance signature in a satellite sensor. This provides opportunities for 
discriminating between different objects on the earth's surface. 
Based on the authors’ prior knowledge of the study area, pre unsupervised classification, a 
brief reconnaissance survey with additional information from previous research in the study 
area, the observed and visual comparison of the ground points with the original images and 
the spectral reflectance, and the supervised classification The information of LC/LU classes 
were existed. Woodland dominated by high dense mesquite trees, Grass and shrubs dominated 
by low dense mesquite trees, Bare and cultivated land (clay soil), Stabilized fine sand and 
mobile sand. Nevertheless, the two first and two last classes were the dominant classes in the 
study area. Table 3.6 and figure 3.12 shows the classification of land cover/land use classes. It 
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is worth mentioning, the residential area it is not appeared since 1972 and the latter years, 
therefore, it is difficult to differentiate between houses and tree because most of the people 
they constructed their houses from tree products. 
Table 3.6:  Land use and land cover (LULC) classes 
 
 
3.12 Characteristics of LULC classes  
1. Woodland dominated by dense mesquite trees: It is an area consists of high-density of 
tangled mesquite trees, which is, appears in a dark red tune in the satellite images. 
2. Grass and shrubs dominated by less dense mesquite trees: It is an area consist of low dense 
tangled mesquite trees when comparing with above area, which is appears in light red colour 
3. Bare and cultivated land (Clay soil): An area denotes the land suitable for agricultural 
production for both crops and livestock and other activities in the area, which is, appears in 
dark brown colour 
4. Stabilized fine sand: it is an area either represents the stabilized fine sands inside or outside 
the cultivated land normally appears in mixed of brown and white colours. 
5. Mobile sand: it is an area represents the land of movement of sand, often outside the 
cultivated lands; normally appear in a white colour. 
                   
  
 
 
 
  
  
 
   
    
  
   
    
 
 
Fig.3.12: Land use land cover classes of the study area (The photos taken by the author 2010). 
No Class Name 
1 Woodland dominated by dense mesquite trees 
2 Grass and shrubs dominated by less dense mesquite trees 
3 Bare and Cultivated land (Clay soil)  
4 Stabilized  Fine sand  
5 Mobile sand  
D= Less dense mesquite trees 
B= Bare and cultivated land (clay soil) 
A= Dense mesquite trees 
C= Stabilized fine sand 
E= Mobile fine sand 
D 
A 
B 
C 
E 
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However, many efforts have been made to apply remote sensing techniques in studying 
invasive unfavorable vegetation species e.g. (mesquite trees). These techniques, however, still 
have limitations in their applications in environmental assessment and monitoring. According 
to Joshi (2006), remote sensing has limitations in mapping invasive vegetation species as one 
unit (class). It has been used more direct only if the invasive species dominates the canopy or 
else more indirect methods are employed. The ability of high spectral and spatial resolution 
sensors to discriminate between invasive species can only be made possible by the use of 
intra-specific variability in spectral reflectance. 
3.13 Object-oriented classification (OOC) 
Soft classification may be more informative at the boundaries between land cover objects 
(where mixed pixels inevitably occur) and provides a more informative and potentially more 
accurate alternative than hard classification (Foody and Atkinson, 2002). The application of 
this classification based on an object-oriented approach has several advantages instead of the 
pixel-driven approach. Besides the spectral information, the method contains additional 
attributes such as; (texture, shape, colour, tone, relational and contextual information) which 
can be used for classification purposes (Baatz et al., 2000; Blaschke and Strobl, 2001; 
Laliberte et al., 2004). The application of algorithms based on object-oriented image 
segmentation to perform image analysis (Jensen, 2005). In general, the classification process 
can be divided into two main steps; segmentation of the imagery objects and fuzzy 
classification (Lillesand et al., 2008).  
In this study, the classification process begins with a segmentation of neighboring pixels into 
homogenous units of objects (Baatz et al., 2004). Using (eCognition®) software). This 
software uses a region-growing approach at different scale levels from coarse to fine, 
applying both spectral properties and geometric attributes of the regions (Mather, 2009). The 
aims of the image segmentations are to generate the most meaningful object possible 
(Definiens, 2007).  
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
Fig.3.13: Approach of oriented image classification 
R.S data (MSS, TM, ETM+ and ASTER) 
Thematic maps 
imageries) 
Design of multi-level segmentation 
Image pre processing 
Application of object oriented  
 
LCLU classes 
Image classification 
Design of membership function classification 
Training samples collection 
imageries) 
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The result of segments acts as image objects, which can be classified in the next step. To 
achieve the purposes of object-oriented classification using software eCognition (figures 3.13 
and 3.14). 
 
 
 
 
 
 
 
 
 
 
 
Fig.3.14:  The main steps of the rule set established in Definiens Developer, and their outcomes 
Source: T. Novack et al., 2014. 
3.13.1 Drive segmentation and classification of object-oriented application   
To drive this approach a two-step process is involved, (1) segmentation of the imagery into 
discrete objects, followed by (2) classification of those objects (Lillesand et al., 2008). 
Consequently, the first step is the segmentation of the image subset into discrete objects; a 
multi-resolution segmentation tool which is based on (region growing) approach (i.e. from 
small objects to super objects) was applied to create the image objects (Blaschke, 2010), as 
shown in figure 3.15. From top down hierarchical multi-resolution segmentation with three 
levels of image objects was applied, where top-down segmentation cuts the image into 
smaller pieces (eCognition, 2010). Therefore, different levels of scale from 150, 50 and 30 
were tested combined with a shape factor of 0.1 and compactness of 0.5. The optimum scale 
30 in level 3 was selected for segmentation because it gave the best result in visualization 
compared with other levels base on colour (colour was chosen as the main attribute to 
segment the image objects) (Willhauck et al., 2000) and homogeneity for the land cover land 
use classes (table 3.7) and (figure 3.15). However, the quality of segmentation is decisive for 
the outcome of subsequent classification, so it is the most important step and sometimes, 
manual editing might be required to ensure accurate image objects (Lewinski, 2006). 
Table 3.7: Segmentation parameters used for the application  
3.13.2 Classification of object-oriented based on membership function fuzzy classification 
Classification based on classical pixel-based approaches to image analysis is limited at 
present. Typically, they have considerable difficulties dealing with spectral similarity and the 
rich information content of multi-spectral images, they produce inconsistent classification 
results and they are far beyond the expectations in extracting the object of interest. 
level Algorithm Image 
layer 
weight 
Number 
of  
Objects 
Scale  colour shape Compactness Smoothness 
1 Multi 
resolution 
segmentation 
1.1.1 550 150 0.9 0.1 0.5 0.5 
2 1.1.1 4127 50 0.9 0.1 0.5 0.5 
3 1.1.1 10465 30 0.9 0.1 0.5 0.5 
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 Fig.3.15: Hierarchical network of image segments adopted by the user  
This situation brings meaningful operator intervention to the implementation. A new object-
oriented image analysis of eCognition software was used. Consequently, due to complexity 
and spectral similarity in semi-arid areas, introducing spatial information in addition to 
spectral information to the classification hierarchy provides valuable features allowed for 
separation of spectrally similar objects. Utilization of these features has been applied mainly 
to discriminate between different types of vegetation cover and to separate surface features 
from confused objects relevant to soil (e.g: stabilized sand and mobile sand), grass and 
scattered grass and shrubs classes. 
The classification generated for segmented imagery in figure 3.16, a class hierarchy based on 
fuzzy logic classification (Pulvirenti et al., 2013) (training samples selection, the application 
of the membership function with fuzzy logic and nearest neighbor classification) was applied.  
Moreover, fuzzy logic is a multi-valued logic and is used for quantifying uncertain statements 
(Benz, et al., 2004). The process of analysis and classification begin by build knowledge in a 
class hierarchy wherein the user determines physical and semantic properties typical for the 
objects of a certain class (Hoffmann, 2001). However, based on Membership functions such 
as the layer, mean, brightness, which were used to determination of the average of the 
maximum and minimum values of an object feature (i.g. object attributes). For each 
Scale 150 level 1 
Scale 30 level 3 
Scale 50 
 Level 2 
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individual image object, have many object properties, which are also known as object features 
(Definiens, 2007). Each object class has characteristic features enabling it to be separate from 
other object classes to a greater or lesser extent (Benz et al., 2004; Blaschke, 2005). A set of 
values or features are collected from potential sample objects in the segmented image, by 
using the feature range tool the threshold values that can be used to set the left and the right 
border of a member function slope. Then the thresholds of the values will be classified as 
LU/LC classes. Each class is delimited by a set of rules associated with the “fuzzy logic” 
algorithm and by the membership functions. 
3.14 Accuracy assessments based on classification  
Classification accuracy in remote sensing determines the agreement between the selected 
reference data and the classified data of unknown quality (Campbell, 2007). A vital step in the 
classification process, whether supervised, unsupervised or fuzzy classification is the 
assessment of the accuracy of the final images produced.  According to Guerschman et al., 
(2003) the land use land cover classification accuracy is affected by; Temporal resolution - 
number of images and the combination of them, Categorical resolution - number of land cover 
classes, and Spectral resolution - using a few spectral bands rather than all bands. However, it 
is possible to increase the accuracy of a classification by decreasing the amount of detail or by 
generalizing to broad classes rather than very specific ones. Consequently, accuracy 
assessment and kappa statistics were applied for supervised and object oriented classifications 
using matrix error confusion as a common method of assessing the degree of accuracy 
(Congalton and Green, 2008). The error matrix compares the relationship between known 
reference data (ground truth). In addition, the corresponding results of an automated 
classification, containing rows and columns equal to the number of categories whose 
classification accuracy is being assessed (Lillesand et al., 2008). The most common method 
used widely in classification and assessing the degree of accuracy (Taruvinga, 2009; Pirie, 
2009; Mararakanye et al., 2012). 
 
 
 
 
 
 
 
 
 
Fig. 3.16: Training samples selection for image object oriented classification  
The accuracy conducted is based on the classification results for five classes, which exist from 
supervised and object oriented classification. The table of matrix error confusion has the same 
number of columns and rows, which equal the number of classes. A set of stratified samples 
of 250 random points was selected from each imagery distributed equally representing all the 
land cover classes proportionally for each LU/LC map separately using ERDAS imagine 
ETM+1999 MSS 1972 TM 1987 ASTER 2010 
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accuracy assessment tool for the images of 1972, 1987, 1999 and 2010.  Overall accuracy, 
user and producer’s accuracies, and the Kappa statistic were then derived from the error 
matrices. eCognition software provides four kinds of methods for evaluating the classification 
results such as; classification stability, best classification results, error matrix based on TTA 
mask (test areas) and error matrix based on samples. This study focuses on the error matrix 
based on TTA mask (test areas), because the accuracy was generated by the random sampling 
which gave the best accuracy assessment. 
Interpretation of accuracy of image classification is most often reported as a percentage of 
correctly class pixels. The overall classification accuracy is computed using the number of 
correctly classified pixels to the total number of pixels assigned to a particular category 
(Lillesand et al., 2008). The user’s accuracy measures the errors of commission. The 
producer’s accuracy measures the errors of omission. The Kappa coefficient of accuracy is 
the difference between the actual agreement in the error matrix and the change agreement. It 
provides a better measure of the accuracy of a classifier than the overall accuracy, since it 
considers inter-class agreement (Fitzgerald and Lees, 1994). It is used to assess the accuracy 
of a classifier against known validation data. Verbyla (2008) stated that the accuracy 
assessment result is commonly subject to either conservative or optimistic biases, many of 
which are impossible to avoid. However, the sources of bias arrors in reference data, 
positional errors, and minimum mapping unit of the reference grid. The sources of optimistic 
bias are use of training data for accuracy assessment, restriction of reference data sampling to 
homogeneous areas, and sampling of reference data is doesnot independent of training data. 
The magnitude and direction of bias in classification accuracy estimates depends on the 
methods used for classification and reference data sampling. According to Pontius, (2000) A 
Kappa value higher than 0.5 can be considered as satisfactory for modelling of land use 
change, Landis and Koch, (1977) and Adam, (2010 ) characterized agreement for the Kappa 
coefficients as follows: values higher than 0.79 are excellent, values between 0.6 and 0.79 are 
substantial and values of 0.59 or less indicate moderate or poor agreement. Kappa statistics 
are calculated according to this equation:  
  
                                               Kappa = 
Where: r is the number of rows in the matrix, xii is the number of observations in row i and column i, and xi+ and 
x+i are the marginal totals for the row i and column i respectively and N is the total number of observations. 
 
The overall accuracy and kappa statistics, as well as producer’s and user’s accuracies, were 
generated to assess the quality of classification maps and to compare and evaluate the 
classification with respect to their suitability for specific application and were acceptable in 
this study. Therefore, a classification is incomplete until its accuracy has been assessed. A 
stratified random sampling ensures the robustness of the accuracy assessment Desclee, 
(2007). The ground truth points used for accuracy assessment for the classified thematic maps 
were a random of 150 points and assessment was performed using ERDAS IMAGINE. 
3.15 Change detection 
Detecting of change allows for land use change, pastures condition, desertification, changes in 
forest cover, regional evapotranspiration differences, soil moisture condition, and other 
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physical and biological processes for the documentation of the spectral and temporal changes 
that are occurring within ecosystems. However, change detection approaches are 
characterized into two broad groups: bi-temporal change detection and temporal trajectory 
analysis. Almost all classifications for change detection algorithms are based on bi-temporal 
change detection and little care for temporal trajectory analysis (Jianya et al., 2008).   
3.15.1 Post-classification comparison    
In the last few decades, various detection and analysis techniques have been developed and 
applied in different ways in remote sensing studies to determine the spatial status and extend 
of LU/LC changes. According to Blaschke, (2005) although there are many varieties of 
change approaches, most of the LU/LC change assessment are using the simple techniques of 
post classification comparison. Change detection is an important of automatically identifying 
and analyzing regions that have undergone spatial or spectral changes from the multi-
temporal images Coppin et al., (2004); Lu et al., (2004). Moreover, change detection has great 
potential and tool for understanding landscape dynamics (dynamics of ecosystems), including 
detection, identification, monitoring and mapping differences in LULC change over time, 
irrespective of causal factors (Rimal, 2005).  
There are two basic methods of change detection by means of remote sensing, explicitly such 
as pre-classification and post-classification methods. A typical change detection algorithm 
(figure 3.17) takes images m1 and m2 as input and generates a binary classified image, to 
output an image that identifies the whole changes (Radke et al. 2003). However, before 
implementing change detection analysis, the following conditions must be satisfied: (1) 
precise registration of multi-temporal images; (2) precise radiometric and atmospheric 
calibration or normalization between multi-temporal images; (3) similar phenological states 
between multi-temporal images; and (4) selection of the same spatial and spectral resolution 
images if possible. This study, in order to detect the changes during the period of study, was 
relying on the remote sensing imagery of 1972, 1987, 1999 and 2010, which was processed 
by subtraction of the image after from the image before (figure 3.17). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.17: Flowchart of change detection (post-classification) processing (adopted by the author) 
In but 
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Classification 
map of date 2 
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process   
Image date 1 Image date 2 
Image Classification   
Change map   
Classification 
map of date 1 
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The output is an image, which is known as an image of highlighting change. This image 
reflects the highlighting change in three general categories such as increase of chage, decrease 
of change and unchanged. While the results, which are, interpreted the map with interesting 
classes, (no change, positive changes, and negative change) which is useful for examination 
of land cover change is a matrix of change. The advantage of this method is providing a 
complete matrix of change information. Visual and statistical change detection were carried 
out on the classified image and comparison was made between MSS 1972 and TM 1987, 
between TM 1987 and between ETM 1999 and Aster 2010 to detect the amount and 
percentage of changes in the LULC of the study area and maps of different changes. 
Moreover, the calculations of change area also applied to determine the magnitude of change 
between 1972, 1987, 1999 and 2010 for each class of land use in the area, to provide the 
information and maps of different changes.  
3.15.2 Image differencing 
Image differencing is a simple way to identify the changes between two images (which were 
properly calibrated and rectified) by computing the pixel-to-pixel difference in the single 
bands or derived indices. Image differencing is probably the most widely applied change 
detection algorithm for a variety of geographical environments Singh, (1989), Chuvieco and 
Huete, (2010) mention that image differencing was calculated for the VIs and SIs to estimate 
the change detection for assessing the spatiotemporal status of the vegetation and soil 
degradation separately. To determined and compare between vegetation indices (VIs) and soil 
indices (SIs) in the study, the subtraction between images was done for MSS 1972 from TM 
1987, TM 1987 from ETM+1999 and ETM+1999 from Aster 2010. 
3.16 Image transformation                                      
3.16.1 Change vector analysis (CVA) 
The method consists of two steps; the first step of the change vector analysis (CVA) method 
is to apply a tasseled cap transformation using ERDAS imagine. Inorder to generate the 
components Greenness and Brightness, and then reducing the amount of redundant 
information in the data (MSS, TM, ETM+ satellite imagery) to highlight the vegetation 
qualities of the landscape (Kauth and Thomas, 1976; Yarbrough et al., 2005) (figure 3.18). 
These transformations produce new image features into three bands representing greenness, 
brightness and wetness based on new axes associated with biophysical properties of the scene. 
In this case, such axes are values of greenness, associated with the amount and vigour of 
vegetation, and values of brightness, associated with variations of soil reflectance. The 
tasseled cap transformation compresses Landsat data; such as 95% or more of the total 
variability is expressed in the first two bands brightness and greenness (Lillesand et al., 2008). 
The combination of these new transformed bands offers biophysical interpretable inputs for 
change vector analysis (Lorena et al., 2002 and Kuzera et al., 2005). The approach of change 
vector analysis (CVA) exploits an analogous concept of the principal component analysis 
(PCA). The second step is band transformation process into new coordinates axes to calculate 
the magnitude of variation among spectral change vectors between the pair’s images 1972 -
1987, 1987 - 1999 and 1999 - 2010. The results of tasseled cap transformation are imported to 
the IDL ENVI using change vector analysis procedure. Then the produced image of CVA was 
classified using MLC in order to produce the final maps and to calculate the areas of change. 
59 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.18: Procedure of change vector analysis 
For calculation of greenness and brightness for ASTER image special equation were used 
(Yarbrough et al., 2005) based on ARC GIS 9.3. The calculation equations for ASTER are 
follow; 
1. Greenness: (-0.006 (subastr_img-layer_1)) + (-0.65 (subastr_img-layer_2)) + (0.56 
(subastr_img-layer_3)).  
2. Brightness: (-0.27 (subastr_img-layer_1)) + (0.68 (subastr_img_layer_2)) + (0.303 
(subastr_img-layer_3)). 
3. Wetness:  (0.17 (subastr_img-layer_1)) + (-0.09 (subastr_img-layer2)) + (-0.703 
(subastr_img-layer_3)).  
 
Two images were computed; the first image represented the vector intensity while the other 
identified the vector direction. The first image contains the information of change, while the 
second contains information on the type of change. Consequently, change magnitude is 
measured as the Euclidean distance or length of the change vector from a pixel measurement 
at time 1 to the corresponding pixel measurement at time 2. However, change direction is 
measured as the angle of the change vector from a pixel measurement at time 1 to the 
corresponding pixel measurement at time 2. According to the design of direction and 
magnitude, which is constructed by Lorena et al., (2002) and Kuzera et al., (2005). Angles 
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measured between 0° and 90° and 180° and 270° indicate either increases or decreases in both 
bands of greenness and brightness. This change is designated to persistence, which is 
representative of neither an increase nor decrease in vegetation upon the landscape. Angles 
measured between 90° and 180° indicate an increase in greenness and a decrease in 
brightness. This change direction is designated to represent regeneration of vegetation. Angles 
measured between 270° and 360° indicate a decrease in greenness and an increase in 
brightness. This change direction is designated to represent vegetation cover loss or 
deforestation (figure 3.19)  
 
 
 
 
 
 
Fig. 3.19: Magnitude of change (A) and direction of change (B) for the change vector analysis 
3.16.2 Multivariate alteration detection (MAD)   
The multivariate alteration detection (MAD) transformation is based on the established 
canonical correlations analysis (CCA) with using maximum autocorrelation factor (MAF). 
However, The MAD and the combined MAD/MAF transformations are invariant to linear 
scaling. The MAD variates are calculated as the differences between the canonical variates 
from an ordinary CCA (in reverse order). The canonical variates are found by solving two 
coupled generalized eigenvalue problems. Furthermore, the core idea of MAD is to find out 
maximum differences between two images by removing correlations between them as much 
as possible (Zhang et al., 2007). The approach of MAD depends on given two multivariate 
images with variables at a given location written as vectors (without loss of generality we 
assume that  
                                                (E{X} = E{Y} = 0) 
                                       X= [X1 · · ·  XN] T          and              Y= [Y1 · · ·  YN] T 
Where N is the number of spectral bands  
In the MAD procedure, one constructs linear combinations of the intensities in the two 
multispectral images U = aX and V = bY, where the N-dimensional vectors a and b were 
chosen such that the difference of the linear combinations has maximum variance: 
                           Var (U - V) = var (U) + var (V) - 2cov (U, V)              maximum 
subjected to the constraints  
                                             Var (U) = var (V) = 1 
This can be shown to be equivalent to the solution of two coupled, generalized eigenvalue 
problems. The solution yields N eigenvectors and hence N difference images, referred to as 
the MAD components. These then form the basis for change detection. The MAD component 
has maximum variance in its pixel intensities, which is represents, the maximum change 
information. The second-to-last component has maximum variance subject to the condition 
that the pixel intensities are statistically uncorrelated with those in the first component, etc. 
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In this method, two multi-spectral satellite images covering the same geographic location 
acquired at different times are taken as two sets of random variables (Canty, 2007). To 
generate the MAD and bi-temporal change, the cross matrix between images of 1972 and 
1987, 1987 and 1999 and between 1999 and 2010 was applied and provides different 
components. Then MAD transformation was performed on these random variable sets to 
produce a set of result varieties that are uncorrelated with each other. In this way, correlations 
between channels can theoretically be removed as much as possible, so that the actual changes 
in all bands can be simultaneously detected in the resultant difference image (Zhang Lu, 
2004). Maximum autocorrelation factor (MAF) analysis was applied to the variables at the 
two points separately in time before doing the canonical correlation and the MAD analysis 
(figure 3.20). The MAF transformation is used to reduce dimensionality, to enhance the 
spatial coherence of the difference components and to improve effectiveness of the MAD 
result and to find maximum change areas with high spatial autocorrelation. The differences of 
the variates contain maximum information on the changes occurred between the two 
acquisition times (Zhang et al., 2004). Theoretically, the MAD can detect all spectral 
variations associated with changes in land covers between the two acquisition times.  
The resulting imagery from MAD is based on change detection as an invariant to linear and 
affine transformations of the input including, e.g., affine corrections to normalize data 
between the two acquisition time points. This is an enormous advantage over other 
multivariate change detection methods. Maximum change areas are shown as white (positive 
changes) and black (negative changes) pixels. Gray areas indicate no change. 
 
 
 
 
 
 
 
Fig. 3.20:  Multivariate alteration detection procedure  
Source: Niemeyer and Canty, 2002 
3.17 Analysis of vegetation and soil indices 
The analysis of vegetation and detection of changes in the vegetation pattern on spatial and 
temporal scales, are keys to monitoring and assessment the natural resource. Thus, the 
detection and quantitative assessment of vegetation is one of the major applications of remote 
sensing for environmental resource management and decision-making. One of the major 
applications of remote sensing data is the detection and quantification of green vegetation. 
The principle behind this detection is simple in theory but complex in actual practice. 
Actively photosynthesizing plants use blue and red light as energy sources. Therefore, they 
reflect relatively small amounts of these wave bands back to the sensor. Near-infrared energy 
is highly reflected by the cell wall/air interface that is part of the internal structure of plants. 
The first vegetation indices (VI) were simple ratios of these spectral bands, mainly using the 
red band and the near infrared band. However, Vegetation indices (VIs) are based on digital 
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brightness values; they attempt to measure biomass or vegetative vigour. A VI is formed from 
combinations of several spectral values that are added, divided, or multiplied in a manner 
designed to yield a single value that indicates the amount or vigour of vegetation within a 
pixel. However, Over the years, new vegetation index models have been developed to detect 
sparse green vegetation and simultaneously minimize the effects of soil background 
brightness, topographical distortion (primarily aspect and slope), and atmospheric “noise”. 
The two main groups of vegetation indices (either vegetation or soil) are referred to as slope-
based and distance-based. The slope-based Vegetation Indices are simple arithmetic 
combinations of two or more spectral bands. Distance-based Vegetation Indices require the 
plotting of a soil line using regression of soil values for the red and near infrared bands. The 
main objective of the distance based vegetation index is to cancel the effect of soil brightness 
in cases where vegetation is sparse and pixels contain a mixture of green vegetation and soil 
background. This is particularly important in arid and semi-arid environment. Therefore, 
vegetation indices can be used as degradation and desertification monitoring Indicators to 
monitor land desertification and dynamic changes (Kumar et al., 2010). The slope and 
intercept of the soil line are then combined with two original or transformed spectral bands to 
produce the vegetation Indices (Hiroki et al., 2009). 
The most obvious properties of vegetation reflectance that are used for vegetation index 
calculation are the high absorption of the red spectrum (630-690 nm) by plant chlorophyll and 
the strong reflection of the infrared spectrum (760-900 nm) by leaf cellular structures. 
However, most indices can be applied to any satellite sensors that monitors in the ranges that 
define the vegetation index. The indices used in the research for this study were defined as 
explained in the following: 
3.17.1 Identification of LULC based on vegetation indices 
3.17.1.1 Normalized difference vegetation index (NDVI)  
Normalized difference vegetation index (NDVI) measures the greenness of an image. This 
index is useful in identifying areas of healthy vegetation based on the difference between the 
maximum absorption of radiation in the red due to the chlorophyll pigments and the 
maximum reflection of radiation in the NIR due to the leaf cellular structure. Therefore, this 
index, as well as its several other modifications, is most widely used for agricultural, forestry, 
rangeland, and ecological applications. However, the spectral reflectance difference between 
Near Infrared (NIR) and red is used to calculate NDVI. (Jensen, 2000) can express the 
formula as;      
                                       NDVI = (NIR – RED) / (NIR + RED)  
 
Note: For ASTER data, the equation took alternative way to compensate the image bands. ASTER data 
are providing a variety of spectral bands with three visible/near-infrared (VIS/NIR) bands with 15 m 
spatial resolution, 6 short-wave infrared (SWIR) bands with 30 m spatial resolution, and five thermal 
bands with 90 m spatial resolution. However, in the study the (VIS/NIR) bands were used to represents 
the partial of the equation RED and NIR such as: (band two instead of RED and band 3 instead of NIR).  
NDVI has been used widely in remote sensing studies since its development (Jensen, 2005). 
The values of NDVI range from -1.0 to 1.0, where higher values are for green vegetation and 
low values for other common surface materials such as soil, water and others. Bare soil is 
represented by NDVI values which are closest to 0 and water bodies are represented with 
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negative NDVI values (Lillesand et al., 2008: Jasinski, 1990; Sader and Winne, 1992). 
However, Since NDVI provides useful information for detecting and interpreting vegetation 
of land cover it has been widely used in remote sensing studies (Gao, 1996: Myneni and 
Asrar, 1994; Sesnie et al., 2008). Accordingly, a set of NDVI maps has been produced and 
used for classification evaluation and change detection assessment. Then the NDVI resultant 
map was produced and then reclassified into 2 agricultural land use groups and a non-
agricultural land use group namely: vegetation Land cover, Non-vegetation land cover and 
other category of land use. 
3.17.1.2 Soil-adjusted vegetation index (SAVI) 
The (SAVI) computes the ratio between the red and near-infrared spectral region with some 
added terms to adjust for different brightness of background soil (Huete, 1988). SAVI is 
aimed to reducing the effect of soil brightness background on the NDVI and is calculated by 
shifting the NIR and red channels towards a negative origin by adding a constant factor (L) to 
the NDVI formula. L is a correction factor, which ranges from 0 for very high vegetation 
cover to 1 for very low vegetation cover and 0.5 which is for the intermediate vegetation 
cover. (Huete, 1988) can express the formula as; 
 
 
Where: (1+L) is the multiplication factor added so that the index can conform to the maximum and 
minimum NDVI range. For most purposes and in this study, the value of L is 0.5, corresponding to 
intermediate vegetation canopy cover. 
Note: For ASTER data, the equation took alternative way to compensate the image bands. ASTER data are 
providing a variety of spectral bands with 3 visible/near-infrared (VIS/NIR) bands with 15 m spatial resolution, 6 
short-wave infrared (SWIR) bands with 30 m spatial resolution, and 5 thermal bands with 90 m spatial resolution. 
However, in this study the (VIS/NIR) bands were used to represents the partial of the equation RED and NIR 
such as: (band 2 instead of RED and band 3 instead of NIR).  
3.17.1.3 Modified soil adjusted vegetation index (MSAVI) 
The (MSAVI) is designed and modified by (Qi et al., 1994), which seeks to address some of 
the limitation of NDVI when applied to the exposed soil surface and to correct the limitations 
and weaknesses in the SAVI. This modification was aimed at finding a self-adjustable L that 
would increase the SAVI vegetation sensitivity by increasing the dynamic range and further 
reduce the soil background effects. Therefore, the result would be an improved, with a higher 
“vegetation signal” to “soil noise” ratio (Qi et al., 1994; Fox et al., 2003). It is accordingly 
believed to be more accurate in reflecting how vegetation spectral responses actually behave. 
Because of this improvement over the SAVI, the MSAVI is expected to perform better than 
the SAVI in this work. The formula can be expressed as: 
 
 
3.17.2 Identification of LULC based on soil indices 
Soil reflectance spectra depend on the type of soil multiple VIs has been developed using 
combinations of two or more spectral bands with an assumption that multiple bands provide 
more information than a single band (Fassnacht et al., 1997). Bands 1, 2, 3, 4 and 5 were used 
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to derive for all indices equations models for the multi-temporal Landsat images using 
ERDAS Imagine software 9.3. 
3.17.2.1 Grain size index (GSI) 
The (GSI) was developed by Xiao et al. (2006) to determine the upper soil texture and the 
assessment of land degradation in semi-arid regions of Asia (China Mongolian). The index 
has a positive indicator of the fine sand content, was applied to detect degradation in the area. 
However, the reflection portions in the three visible channels (R, G and B) calculated the 
particle size index of the topsoil (GSI). For the determination of different grain sizes of the 
topsoil in this research, the total reflection has been applied in three visible bands. The GSI 
correlates positively with the fine sand percentage of topsoil when degradation is underway. 
Moreover, High GSI value means fine sand rich area. Accordingly fine sand content 
distribution map was produced. Because the study area contains of fine sand this comes either 
within the irrigation water or from neighboring desert, therefore, the index was applied. The 
formula of this index as: 
GSI= (R-B) / (R+B+G) 
Where: R, G and B= red, green, and blue visible bands of the remote sensing data. GSI value is close to 0 in 
vegetated area, and for a water body, it is a negative value. Fine sand = 0.0075-0.0425um. 
Taking into consideration the reflectance spectra of different soil surfaces and vegetation, the 
difference between band R and B in the GSI equation is designed to distinguish between the 
vegetated surface and bare soil; while the accumulation of the reflectance in the R, G and B 
bands can discriminate the topsoil with different grain size composition. For vegetated 
surfaces, the difference between R and B will be minor or negative. Contrarily, this difference 
is large for bare soil surfaces. On the other hand, the accumulation of the visible band 
reflectance has a clear increasing trend when the fine sand content of the topsoil increases. 
Therefore, the designed GSI can potentially detect surface soil texture or grain size 
composition (Xiao et al., 2006). 
3.18 Effect of socio- economic status in the study area 
Since of launch of satellite remote sensing in the 1950’s, accessibility, quality, and scope of 
remote sensing image data has been continuously improving, making it a rich data source with 
a wide range of applications. Furthermore, remote sensing generally enables direct 
measurements of the earth’s surface and the spatial distribution of its physical objects. Social 
science is generally more concerned with why things happen than where they happen (Turner, 
1998). According to Rindfuss et al., 1998) the "Integrating social science and remote sensing 
will require the fusion not only of data, but also of quite different scientific traditions".    
Today, the use of remote sensing techniques and data is commonplace within many 
disciplines in the natural sciences. Although there are only few examples for how remote 
sensing data has been put to use in social science, how social science could utilize the 
potential of remote sensing techniques and data collection.  
In this study, In order to link the socio-economic data and remote sensing to determine the 
real reasons and beyond the land deterioration in the area, a questionnaire and determined 
number of participants from farmers indiscriminately representation of all patterns of society 
was done through personal interview of open discussions to collect the data. 
65 
 
SPSS statistical software package and Microsoft office excel software were used to analyze 
the data and were processed to finalize, assessing and mapping the land use and cover change 
and degradation in the area.     
3.19 Structure of the chapter 
The methodology of research is considered the main task in this study. In general, the image 
processing, hard classification and post classification, accuracy assessment and analysis have 
been carried out using ERDAS Imagine 9.2, ARC/GIS 9.3, ENVI 4.5 and eCognition 
Developer 8 software. These include images acquisition, staking, mosaicing, corrections such 
as; geometric, radiometric and atmospheric, spatial and spectral enhancements, unsupervised 
and supervised classification, oriented object classification, change detection methods such 
as; image differencing, change vector analysis and multivariate change detection, image 
transformation such as; vegetation indices and several models of data manipulation and 
accuracy assessment of classification. The classification outputs were produced in the form of 
land use/ land cover classes, detection of change maps, indices maps and vegetation change 
matrices. Moreover, the SPSS and Microsoft Excel statistical programs were being used to 
analyze the data, verify the classification and further produce correlations between the 
categories in the study area. 
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4 CHAPTER FOUR 
4.1 LULC and Factors, Causes, Impacts and Effects of Land Degradation 
4.2 Land use and land cover (LULC) 
The land is an essential asset and a means to sustain a livelihood. It is the ultimate source of 
wealth, natural capital for the production and foundation on which civilization is based. Land 
use can be defined as the use of land by humans, usually with an emphasis on the functional 
role of land in socio-economic activities and interpretation of these activities that take place 
on that surface. In contrast, land cover often designates only the vegetation that is either 
natural or fabricated and determined by direct observation of the earth’s surface (Avery and 
Berlin, 1992; Fisher et al., 2005). Land cover is the observed biophysical features on the 
earth’s surface (Lillesand et al., 2008). Because of economic development in terms of 
industrialization, urbanization, conversion of forests to agricultural lands and overexploitation 
of land resources leading to land degradation (Ganasri et al., 2014). 
LULC plays an important role in global environmental change and sustainability, including 
response to climate change, ecosystem structure and function, species and genetic diversity, 
water and energy balance, and agro-ecological potential. Knowledge of LULC is important 
for many planning and management activities and is considered an essential element for 
modeling and understanding the earth as a system (Lillesand et al., 2008). However, LULC 
data are important components for observing, assessing, securing and planning for the earth's 
natural resources (Singh et al., 2011, 2012; Saswata and Prafull, 2015). The concepts of "land 
cover" and "land use" are commonly confused in most land surveys including those derived 
from satellite imagery. Therefore, it is important to be aware that these two expressions are 
not necessarily the same. Mixing of the concepts of LC and LU has become so prevalent that 
classifications of ‘pure’ land use or land cover are rare even when that is the stated objective 
(Di Gregorio and Jansen, 2000). The historical reasons for the blurring of these concepts have 
been reviewed by Fisher et al. (2005) which, in brief, relate to the different mapping needs of 
the different agencies involved in the project and the ability to statistically process digital 
remotely sensed data. It is important to distinguish this difference between LULC, and the 
information that can be ascertained from each. The properties measured with remote sensing 
techniques related to land cover, from which land use can be inferred, particularly with 
ancillary data or a priori knowledge. 
In many existing information systems, the terms ‘LU’ and ‘LC’ overlap, with natural and 
near-natural vegetation being defined as land cover, farming and urban areas by contrast as 
land use. These are two different aspects, however, and the distinction between LC and LU is 
of fundamental importance. Confusing these two terms and using them ambiguously leads to 
problems in practice, especially where data are from the two different dimensions are to be 
harmonized, compared and/or combined. LU is a quite distinct concept from LC, although the 
two are certainly related. The difference is acknowledged in many documents in the area 
(Anderson et al., 1976; Campbell, 1981; Di Gregorio and Jansen, 2000), nonetheless 
definitions are presented here. LC it is the material, which directly interacts with 
electromagnetic radiation and causes the level of reflected energy, which is observed as the 
tone or the digital number at a location in an aerial photograph or satellite image. which are 
distributed as; vegetation, water, desert, ice, and other physical features of the land including 
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those created solely by human activities, which is considered an essential element for 
modeling and understanding the earth as a system (Lillesand et al., 2008; Barman and 
Goswami, 2015). LU patterns reflect the character of a society’s interaction with its physical 
environment, a fact that becomes obvious when it is possible to see different economic and 
social systems occupying similar environments (Changhong et al. 2011; Ganasri and 
Dwarakish, 2015). In most cases, LC can be directly detected using remote sensing data, 
which include grass, asphalt, trees, bare ground, water etc. Furthermore, LC is a fundamental 
parameter describing the Earth’s surface. This parameter is a considerable variable that 
impacts on and links many parts of the human and physical environments (Foody, 2002). The 
tone alone may not be enough to distinguish between the different cover types, but there is a 
belief, supported by empirical investigation, that measurement of tone in increasing numbers 
of discreet wave bands land covers are increasingly separable, although context, pattern, and 
texture may also be used (Paine, 1981; Lillesand et al., 2008). Moreover, LC is taken to mean 
a physical description of space, of the observed (bio-) physical cover of the Earth’s surface 
(Turner II et al., 1995; di Gregorio and Jansen 2000). It indicates what covers the land. 
Distinctions are made between the following key biophysical categories: vegetation areas 
(trees, bushes, fields, and meadows), uncultivated areas (even if there is no cover), hard 
surfaces (rocks, buildings), wetlands and bodies of water (extensive bodies of water, 
watercourses, and wetlands). LC is "observed" also at varying distances from the Earth’s 
surface: with the naked eye, using aerial imagery, or via satellite sensors.  
LU is defined as the use of land by humans, usually with an emphasis on the functional role of 
land in economic activities. In a much broader sense, land cover designates the visible 
evidence of land use, to include both vegetative and non-vegetative features (James, 2002). 
Urban and agricultural land uses are two of the most commonly recognized high-level classes 
of use. Land use is described with reference to the functional dimension, i.e. the socio-
economic purposes of land use such as residential, industrial, wildlife habitat, commercial 
lands, farming or forestry areas, recreational, conservation areas etc. Land use can only be 
partially observed, and frequently not at all directly, additional information is often 
indispensable. LU applications involve both baseline mapping and subsequent monitoring 
since timely information is required to know the current quantity of land is and what the type 
of use, to identify the LU change from year to year. This knowledge will help to develop 
strategies to balance between conservation and conflicting uses and developmental. 
Therefore, issues driving of LU studies include the removal or disturbance of productive land, 
urban encroachment, and depletion of forests. 
However, Land cover and land use studies are considered a multi-disciplinary in nature, and 
thus, the participants involved in such work are numerous and varied, ranging from 
international wildlife and conservation foundations, international researchers and forestry 
companies. In addition to facilitating sustainable management of the land, therefore, land 
cover and use information may be used for planning, monitoring, and evaluation of 
development, industrial activity, or reclamation. Therefore, Land cover and land use 
intimately connected because of a wide range of human land use activities, which changed the 
physical environment (land cover). Therefore, during the mapping of land use classes, it can 
be inferred indirectly based on the knowledge of the interpreter.  In this sense, one land use 
type may involve many different land cover types. Monitoring and assessing LULC 
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information is very important in managing natural resources. In recent decades, remotely 
sensed data have been widely used to provide LULC information such as degradation level of 
forests and wetlands, the rate of urbanization, intensity of agricultural activities, and other 
human-induced changes (Alrababah and Alhamad, 2006). However, LCLU mapping using 
remotely sensed data not only provides a current inventory of resources but also provides an 
opportunity to identify, map and monitor changing patterns in the landscape. Furthermore, 
remote sensing and Global Positioning System (GPS) have given rise to the advent of more 
precise and geographically referenced data on cover and use of land, which in turn have 
created opportunities for improved assessments and analysis. With the aid of these new data, 
researchers have now started to unravel the processes that drive the cycle of land use change 
and resource degradation. 
4.3 LULC dynamics 
The dynamics in LULC have occurred at all times in the past, present, and are likely to 
continue in the future (Moser, 1996; Lambin et al., 2003; Molla, 2015). LULC dynamics is 
also a result of complex interactions between several biophysical and socio-economic 
conditions, which may occur at various temporal and spatial scales (Reid et al., 2000; Molla, 
2015). Moreover, LULC conversions are due to human activities, socio-economic, 
biophysical and environmental factors (Overmars et al., 2005; Hanh et al., 2015). LULC 
changes are the major issues of global environment change. Many civilizations have perished 
in the past when its people misused and over-exploited the land and interfered with the 
environment (Miao et al. 2011; Ganasri and Dwarakish, 2015). Therefore, human intervention 
is a natural phenomenon caused the change in land use day by day. Therefore, availability of 
accurate land use information is essential for many applications like natural resource 
management, planning, and monitoring programs. Land use change has become a central 
component in current strategies for managing natural resources and monitoring environmental 
change. Because of the rapid development in the field of land use mapping, there is an 
increase in studies of land use change worldwide (Himiyama, 2006). 
LULC dynamics are widespread, accelerating and significant process driven by human action 
and also produce the changes that impact the humans (Agarwal et al., 2002). It may have 
considerable impacts on worldwide biotic diversity, global and local climate, biogeochemical 
cycles, soil degradation, soil quality, hydrology, food security and human well-being (Trimble 
et al., 2000, Foody, 2002, Hanh et al., 2015) as well as affect the capacity of biological 
systems to support human demands. Accurate and up-to-date of land cover change 
information, is necessary to understand both human causes and environmental consequences 
of such changes (Aboel Ghar et al., 2004). However, LULC changes do not have solely 
negative effects, as some changes are related to the positive increase of food and fiber yields 
for people's’ health (Lambin, 2006). Many socio-economic and environmental factors are 
involved for the change in LULC. The change of LULC has been reviewed from different 
perspectives in order to identify the driver’s factors of LULC change and their process and 
consequences. The advent of high spatial resolution satellite imagery and more advanced 
image processing and GIS technologies has resulted in a switch to more routine and consistent 
monitoring and modeling of LULC patterns. Therefore, LULC change plays a major role in 
the study of global change. LULC and human/natural modifications have largely resulted in 
deforestation, biodiversity loss, global warming and an increase of natural disaster flooding 
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(Mas et al., 2004; Zhao et al., 2004; Dwivedi et al., 2005). These environmental problems are 
often related to LULC changes. Therefore, the available data on LULC changes can provide 
critical input to decision-making on environmental management and planning the future 
(Prenzel, 2004; Fan et al., 2007). 
The growing population and increasing socio-economic necessities create pressure on LULC. 
This pressure resulted in unplanned and uncontrolled changes in LULC (Seto et al., 2002). 
The LULC alterations are generally caused by mismanagement of agricultural, urban, range 
and forestlands, which lead to severe environmental problems such as landslides, floods etc. 
Therefore, to monitor and better understand the dynamics of ecological processes and human 
impacts related to these changes in LULC, remote sensing data represents an essential source 
of analysis, allowing to generate systematic information in most different spatial and temporal 
scales (Nagendra et al., 2013; Alves et al.,2015). However, remote sensing and (GIS) are 
powerful tools to derive accurate and timely information on the spatial distribution of LULC 
changes over a large area (Carlson and Azofeifa, 1999; Guerschman et al., 2003; Rogana and 
Chen, 2004; Zsuzsanna et al., 2005). Moreover, GIS provides a flexible environment for 
collecting, storing, displaying and analyzing digital data necessary for change detection 
(Demers, 2005; Wu et al., 2006). Remote sensing imagery is the most important data 
resources of GIS which provides an excellent source of data from updated LULC information 
and changes can be extracted, analyzed, and simulated efficiently (Saswata and Prafull, 2015). 
Satellite imagery is used for recognition of synoptic data of earth’s surface (Ulbricht and 
Heckendorf, 1998). Therefore, satellite remote sensing data with rich archive and spectral 
resolution are the most important reasons for their use. Help in a quantification of LULC 
patterns and determines their changes with time. With the GIS is used as an effective tool for 
managing secondary data is necessary to analyze and document the spatial changes 
(Shamsudheen et al. 2005; Binh et al. 2005; Dewan and Yamaguchi 2009; Prakasam 2010; 
Rao et al. 2011; Vanum and Hadgu 2012 and Zheng et al. 2012).  
Inventory and monitoring of LULC changes are indispensable aspects of further 
understanding of change mechanism and modeling the impact of change on the environment 
and associated ecosystems at different scales (Mondal et al., 2015). Detection of long-term 
changes in land cover may reveal a response to a shift in local or regional climatic conditions, 
which serve as the basis of terrestrial global monitoring. Therefore, it is necessary to 
document land cover and land use changes and to understand their drivers and consequences, 
especially in the context of global environmental changes, rapid population growth and rising 
demands for environmental sustainability. 
4.4 Land use in Sudan 
Land use means the major kinds of the treaty of the land such as traditional rain-fed 
agriculture; rain-fed mechanized farming, grazing ... etc. Land use in Sudan in recent years 
has been characterized by large-scale of land degradation and loss of forests cover. These two 
processes are interrelated and caused by human activities such as wood products, overgrazing 
and forest clearing for agricultural land expansion. Because of the farming expansion, 
ordinary farmers have contributed to declining land productivity by abandoning their existing 
degraded cropland and moving to new lands for cultivation of rain-fed agricultural crops 
(Radad, 2006). 
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4.4.1 The main activities of land use in Sudan 
Land use in Sudan is composed of three categories, which are; agricultural activities, range 
and grazing and land tenure (either allocations or leasing), as shown in table 4.1. 
4.4.1.1 Agricultural activities in Sudan 
The country is rich in its natural resources such as oil, gold, chrome and others elements, but 
agricultural activities are the most important economic sector which employed approximately 
82% of the Sudan's workforce, with about 82% of the population dependent on agriculture for 
livelihood and raw materials for the industries (FAO, 1994; CBS, 2005; Abbadi and Ahmed, 
2006; Elgali, Mustafa et al. 2010; Mahgoub, 2014). Sudan’s cultivable area estimated in range 
of 84 to 105 million hectares, i.e. approximately 34 to 42 % of the country. Thus, almost half 
of Sudan's surface area is classified as suitable for agriculture. Nevertheless, Just about 16 to 
18% (18 Million hectare) of this total area are exploited currently for agriculture. This 
exploited areas, which are characterized by high fertility and lack of natural obstacles, and the 
abundance of irrigation water from rivers, valleys, and rainfall as well as by impact of other 
diverse factors. The agricultural sector as the most important economic sector is characterized 
by a vast agricultural landscape of relatively low productivity in Sudan (Abbadi and Ahmed, 
2006; Hamid Faki 2012). Because a large proportion of this cultivated land depends on 
rainfall, therefore, the amount of land cultivated in a particular year can greatly vary due to 
fluctuations in precipitation. Therefore, the long-term agricultural strategy concentrates on 
increasing the productivity of cropland, because the agricultural products are considered the 
main sector of the economy of Sudan, which provides about 80% of the country’s export and 
accounts for about 38.9% of the GDP (Abbadi and Ahmed, 2006). So, most of the Sudanese 
exports consist of agricultural products such as cotton, Arabic gum, oilseeds, meat and others 
(CBS, 2005).  According to that, the country was named “The world's food basket”. In the late 
1980s and 1990s it had decreased to 29%, due to drought, but by 1997, the agricultural 
contribution increased to 47% due to increased production because of increased annual 
rainfall rate.  
Cash crops such as cotton, sorghum and wheat are very important for the country grow in the 
rain-fed and irrigated schemes. Wheat is produced either traditionally, along the Nile north of 
Khartoum mostly on the river basin flooding, or later by pumps as well as in irrigated 
schemes, particularly in Gezira, khashm El Girba, White Nile and along the schemes of the 
northern state as an important cash crop. Groundnut is mostly traditionally grown on rain-fed 
lands especially in sandy dunes (Goz), with a smaller proportion of irrigated land as an export 
production.  
Table 4.1: Land use distribution in Sudan 
 
 
 
 
 
Source: Higher council for environment and natural resources, (HCENR) 2003. 
Land use type                              Area (hectares)                         Area (%)
Area under water                                12.99 5 
Cultivated land                                    17.47 7 
Uncultivated and grassland                          66.57 26 
Forest and woodland                          64.36 26 
Pasture 39.48 16 
Others 49.57 20 
Total 250.44 100 
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Although Sudan is one of the wealthiest countries of Africa in terms of natural resources, the 
conflicting goals between increased production and sustainable resource management became 
evident in the rain-fed-irrigated agriculture, particularly in the large-scale mechanized 
farming. Furthermore, after over half a century of unsustainable use, however, studies indicate 
that about 120 million ha of land is degraded to varying degrees (Ayoub, 1999). Agricultural 
production in Sudan is practiced under several different farming systems, the agricultural 
systems in Sudan adopted for use in the different regions of the country consist of different 
types, which are highly influenced by the climatic factors dominant in the region.  
4.4.1.2 Agricultural development  
Sudan has the largest irrigated area in sub-Saharan Africa and, the second largest on the 
continent (Bashir 2001; UNEP 2007). The irrigated sub-sector plays a very important role in 
the country’s agricultural production. Although the water-managed area constitutes only about 
11% of the total cultivated land in Sudan, it contributes more than half of the total volume of 
the agricultural production. Irrigated agriculture has become more and more important over 
the past few decades as a result of drought and rainfall variability and uncertainty. Irrigation 
development remains a priority option to boost the economy in general and increase the living 
standard of the majority of the population. 
However, agricultural development and food security in Sudan are challenged by the large 
size of the country, poor transport and storage facilities, and deficient institutional structures 
(research, extension, credit, land tenure, etc.) coupled with environmental factors, increase 
instability of food production and household food supplies, especially in remote areas. The 
low and declining foreign exchange earnings, which hamper utilization of abundant 
productive resources, purchase of food imports, also frustrate expanded production and import 
capacities and procurement of agricultural inputs required to increase productivity. Other 
challenges to food security include the occurrence of drought and encroaching desertification, 
and the social conflicts during the last two decades, which are causing the mass movement of 
segments of the rural population and worsening the agricultural labor shortage. The increased 
urbanization also led to reduced food production, increased consumption and changed 
consumption patterns with wheat replacing coarse grains. Political stability is, therefore, a key 
antidote for an effective national economic and social reform with agriculture as its 
fundamental base taking into account the agro-sectoral and socio-economic context of the 
rural Sudan. According to Abbadi and Ahmed (2006), they pointed to a three types of 
agricultural systems in Sudan as follows: 
4.4.1.3 Irrigated agricultural system  
An estimated 4 to 5 million feddan is suitable for irrigated agriculture in Sudan, which 
includes irrigated areas from the Nile Basin and its tributaries, spate irrigated areas and 
irrigation from wells (Taha, 2010). The total area under this sector is estimated as 4.89 million 
hectares covering different states including the Northern, Khartoum, Gezira, White Nile and 
the Blue Nile. The major national irrigation schemes include; Gezira, the projects of White 
Nile pumps, and the projects of Blue Nile pumps. The irrigation schemes contributes about 
90% of the total cotton production in Sudan but have been stigmatized to be productive due to 
high production costs in exchange for lower production. Figure 4.1 shows some of the major 
irrigation schemes in Sudan, Whether the irrigated or rain-fed. The yield of crops in the rain-
fed sector has progressively declined with time owing to changes in both quantity and 
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distribution of the rainfall; this has put great pressure on the irrigated sector to increase the 
acreage to meet the population food demand (El-Karori, 1986; Olsson and Rapp, 1991). 
Moreover, it is estimated by 2025, the cereal production will have to increase by 38% to meet 
world food demands, in addition to pressure on the scarce water resources. However, the 
limited quantity of water available and the cost of the water pumping and make mandatory the 
use of irrigation water efficiently (Seckler et al., 1999). Therefore, balancing the limited water 
resources is a big challenge facing the irrigation system managers and engineers for the 
coming years. 
 
 
 
 
 
 
 
 
 
 
Fig. 4.1:  Major agricultural schemes in Sudan 
Source: (UNEP 2007) 
4.4.1.4 Rain-fed (Mechanized system)  
This sector uses the mechanization practice in land preparation and tillage. Moreover, this 
sector covers an estimated of 6.3 million hectares around the whole country, particularly the 
areas in the central clay plain which has continued to decrease over the last years due to the 
frequent occurrence of drought and degradation. Therefore, in some places, it was replaced by 
the irrigation system.  
4.4.1.5 Rain-fed (Traditional system)  
This sector covers all areas under traditional production where non-mechanized agricultural 
tools are predominantly used. The total cultivated area in this sector is estimated around 8 
million hectares.  Moreover, this sector also includes traditional livestock production, gum 
Arabic production, and traditional crop production such as (millet, sorghum, sesame seeds, 
groundnut, sunflower, and other seeds). This sector has increased over the years with 
increasing contribution to the agricultural GDP (CBS, 2005). 
4.4.2 Pastures and grazing activities 
Most of Sudan's lands are suitable for livestock grazing more than for cultivation. However, 
Rangelands in Sudan are very variable and extend throughout the different ecological zones. 
The total area is 110 million hectares, and their total forage (dry matter) production is about 
1. Irrigated schemes 
1. Gezira 2. New Halfa    
3.Rahad 4. Gash 5. Suki 
6. Tokar 7. Guneid sugar 
8. Assalaya sugar 9. 
Sennar sugar 10. Kashm 
Elgirba 11. Kenana sugar 
 2. Mechanized and 
traditional rain-fed 
1. Gedaref 2. Eldali 
3.Elmazmum 4. El-
Raheed 5. El-Sharkia 6. 
Dinde 7. 8. Habila 
Southern Kordofan 9. 
White Nile 10. Blue Nile 
11. others 
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85.6 million tons, including 62.4 million tons natural rangelands production and 23.2 million 
tons of agricultural residue, green fodder, dry fodder, and food concentrates (HCENR, 2009). 
These variations support the diversity of vegetation and production systems (Sudan’s Fourth 
National Report to the Convention on Biological Diversity 2009). Moreover, cattle, sheep, 
goats, and camels grazed in various combinations by the nomadic groups, who account for 
approximately 8% of the population (Census 1993). However, the total herd size around over 
40 million cattle, 49 million sheep, 42 million goats and 3.9 million camels. In addition, 
sedentary people, often own some animals. Generally, camels are found in the semi-arid 
areas, in far north, while cattle are the main grazing animals in the central and the southern 
areas of the country. Livestock populations are continuously increasing, despite the high rates 
of mortality of livestock, which were reported during the drought periods. Table 4.2 and 
appendix 4.1 show the normal figures of livestock population in Sudan.           
Table 4.2: Livestock population in Sudan (millions of heads) 
                                   
 
 
 
 
Source: Ministry of animal resources and fisheries, (Annual Report, 2008). 
4.4.3 Land tenure (allocation) systems 
Land tenure can be defined as the group of rights of individuals, households or communities 
with respect to land (Cruce, 1993; Nasrin and Taj Uddin, 2011). Tenure includes not only 
property rights but also rights of use, which can be permanent or seasonal in nature. The 
tenure system may include rights sanctioned by both of law and custom. That is, alongside the 
formal legal systems, following defined administrative procedures. There also exist customary 
rules accepted by the majority of users (Forni, 2001). The land in Sudan is a central issue for 
all rural communities. It is the means for basic survival and social reproduction, a source of 
individual and tribal pride, a source of wealth, a general relationship between social groups 
and also a constant source of potential exploitation and conflict. According to Egemi (2006), 
land tenure remains, at least, one part of the complicated combination of the structural factors 
contributing to poverty and violence in contemporary Africa.   
4.4.4 LULC and Land degradation  
"Land degradation" refers to a temporary or a permanent decline in the productive capacity of 
the land, or its potential for environmental management. "Land'" includes not only the soil 
source, but also water, vegetation, landscape, and micro-climatic components of an 
ecosystem. Land also is a base to reproduce vegetation, and its degradation corresponds to the 
restriction of vegetative activity by the change of growth conditions. Therefore, the vegetative 
activities correlate with both agricultural productivity and environmental conservation (FAO 
1995). Nevertheless, other lands may have reached a degraded state relative to their "natural" 
overuse condition of many decades or centuries ago, but are currently in a stable or improving 
condition. Refer to the decrease in its condition, which related to one or more of ecosystem 
components (vegetation, soil, and others) to interactions between these components (Jean, 
Year Sheep Goats Cows Camels 
2003 48 42 40 3.5 
2004 49 42 40 3.7 
2005 50 43 40 3.9 
2006 50 43 41 4.0 
2007 50 43 41 4.0 
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2003). On the other hand "Degradation", as a recently described by the Global Land 
Degradation Information System (GLADIS) as the ‘‘reduction in the capacity of the land to 
provide ecosystem the goods and services over a period’’ (Nachtergaele et al., 2010) It 
happens all over the world and depends on the linkages between several natural and 
socioeconomic determinants. It occurs also, whenever the natural balances in the landscape, 
by climate change and human activity through misuse or overuse of land resources (Williams, 
2011).  
The processes of land degradation composed of two interrelated, complex systems of natural 
and social factors; the natural ecosystem and the human social system. Natural forces include 
periodic stresses of extreme and persistent climatic events, aridity, and droughts (Stewart et 
al., 1992). Furthermore, land degradation processes, either natural or human-induced; caused 
the vegetation cover to become weak and the non-vegetated patches to become more increase 
in extension. Therefore, the net of productivity change reflects both natural and human-
induced processes of degradation or improvement. There were specific causes, such as 
increased pressure from livestock grazing, deforestation for charcoal production, and 
inefficient agricultural practices have contributed to the degradation of the landscape (Solbrig 
1992). 
According to (UNCED 1992, UNEP 2007), Land degradation means reduction or loss of the 
biological or economic productivity of rain-fed cropland, irrigated cropland, pasture, forest 
and woodlands in arid, semi-arid and dry sub-humid areas. These resulting from land misuse 
or from a combination of processes including those arising from human activities and 
habitation patterns, such as long-term loss of natural vegetation; deterioration of the physical, 
chemical and biological or economic properties of soil caused by variety factors. Low 
productivity as an impact of land degradation is due to an on-site decline in land quality 
where degradation occurs (e.g. sparse vegetation) and off-site (e.g. Where sediments are 
deposited and invasive of a parasite species of shrubs and trees). Consequently, the loss of 
vegetation enhances soil erosion and reduces the productive value of the land (Hill et al., 
1995a). However, the on-site impacts of land degradation on productivity are easily related to 
the use of additional inputs, adoption of improved technology, have led some to question the 
negative effects of degradation, and the relative magnitude of economic losses due to 
productivity decline versus environmental deterioration (Eswaran et al., 2001). Some 
economists argue that the on-site impacts and other degradative processes are not severe 
enough to warrant implementing any action plan at a national or international level. Land 
managers (farmers) they argue should take care of the restorative inputs needed to enhance 
productivity. Agronomists and soil scientists, on the other hand, argue that land is a non-
renewable resource at a human time-scale and some adverse effects of degradative processes 
on land quality are irreversible, e.g. Reduction in effective root depth. The two main 
components of this definition are "Soil degradation, which is a reduction in the soil fertility 
caused by many factors and exploitative cropping". "Low soil fertility is often the major 
constraint for production for both crops and natural vegetation". The factors that contribute to 
this process include physical factors relating to the rise in human population and the 
associated demands on the environment. As the increasing world population places more 
demands on land for food production etc., many marginal arid and semi-arid lands will be at 
risk of degradation. Knowing that arid and semi-arid land, are densely populated and 
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extensively used for agricultural production. Therefore, the need to maintain sustainable use 
of these lands requires that they are monitored from the onset of land degradation so that the 
problem may be addressed in its early stages. Therefore, the information about the continued 
increase in population and on vegetation, which is both spatially comprehensive and of 
appropriate resolution is becoming more vital for effective management of the biological 
resources (Bino et al., 2008).  
4.4.4.1 Causes of land degradation 
The main causes of degradation in semi-arid lands, are widely discussed in the literature but 
remain controversial (Turner et al., 1995; Thomas, 1997; Puigdefábregas, 1998; Lambin et al., 
2001; Reynolds and Stafford Smith, 2002; Geist and Lambin, 2004). However, most of the 
authors agree that there is not only one factor, causes land degradation. Both biophysical and 
socioeconomic factors should be considered, jointly as they interact and reinforce each other 
to induce transitions to trigger events. The interactions between physical and anthropogenic 
processes lead to land degradation, more complex than in the case of forest clearing. 
However, LULC is one of the important research areas in the analysis of the integration of 
human activities in the field of land degradation (Lambin and Meyfroidt 2010).  
Most of the arid, semi-arid and dry zones experience increases in temperature and decreases 
in precipitation with the coefficient of variation of annual precipitation which exceeding 30%, 
are often associated with intensive dust storm events. Those features make semi-arid regions 
climatically unstable and susceptible to degradation and finally to desertification (Katyal and 
Vlek, 2000). Therefore, land degradation as a result of; reduced rainfall, human activities 
involving technological factors, institutional and policy factors, and economic factors, in 
addition to population pressures, and land use patterns and practices (Rowell et al. 1992; 
Hulme and Kelly 1993; Yang and Prince 2000; UNCCD 2004). The technological factors 
include innovations such as the adoption of water pumps, boreholes, and dams. The 
institutional and policy factors include agricultural growth policies such as land distribution 
and redistribution (AIBS, 2004). These variables derive the proximate causes of degradation 
such as the expansion of cropland and overgrazing, the extension of infrastructure, increased 
aridity, and wood production.  Consequently, the causes of land degradation are not only 
biophysical but also include socioeconomic (e.g. Marketing, income, human health, 
institutional support, poverty) (Olsson 1991; Tyson 1995; UNCCD, 2004; WMO, 2006).  
The most commonly recognized main causes of land degradation include: over cultivation of 
arable land, removal of vegetation by overgrazing or excessive woodcutting, invasion of 
unfavorable plant varieties, waterlogging and salinization of irrigated land, invasion of sand, 
intensive applications of pesticides and land preparations, and mismanagement. Their effects 
appear as reduced productivity of land, environmental degradation, impaired health and 
lowered standard of living for the local people, result inevitably in land degradation (Dregne, 
1985 and FAO, 2001). In addition, the unsustainable land use is often cited by overgrazing, 
deforestation, over-cultivation, reclamation and abuse of sensitive vulnerable ecosystems act 
united, for land degradation. Furthermore, when too many animals overgraze pastures, 
palatable plant species may be lost, and replaced by unfavorable invasive species (Xiao et al., 
2006; UNCCD, 2006).  
However, the major causes largely related with the agricultural activities includes; land 
clearance as a result of cutting and deforestation, depletion of soil nutrients as a result of 
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intensive conventional farming, intensive tillage and inappropriate irrigation, overgrazing, 
land pollution as a result of industrial waste and expansion of urban and commercial 
development. Further, disregard and abused the natural sources by humans, though often 
unintentionally, such as intensive use of agriculture and forestry in response to consumer 
demand, which follow the environmental problems in the absence of planning, while the 
reactive policy is often the only viable solutions as a method of environmental protection 
(Palmer et al., 1998; Tjallingii, 2000).  
Consequently, the environmental plan should contain strategies to prevent continued 
degradation and reduce existing damage (Mackenzie, 1997; Babu and Reidhead, 2000). 
Restoration of the damaged environment to creates an opportunity for the impaired area to 
return to a healthier and more sustainable area. Solving the degradation in arid and semi-arid 
lands ecosystems requires several activities including technological, political, and social 
actions such as adoption of rehabilitation programs and sustainable management practice. The 
prerequisite is knowledge of types and the indicators of land degradation such as processes of 
land degradation, process-controlling variables and the effects of degradation. 
4.4.4.2 Impacts of land degradation in the local ecosystem 
If the natural hazards are excluded as a cause, the human activities are considered the indirect 
causes which affect the phenomenas such as floods and bushfires. Which estimated of up to 
40% of the world's agricultural land is seriously degraded. Structural changes in the land 
cover notably the loss of shrubs and trees, partly through the gathering of fuel wood, clearing 
and burning for agriculture, which increases the exposure of soil surface to the erosion by 
wind and water. Range rehabilitation, in this case becomes critical or impossible, with a 
definitive loss of many plant species.Furthermore, degradation in quantity and persistence of 
pastures, which is generally associated with a diminution of plant cover, but also with 
invasive shrubs (trees) of low pastoral value and   unpalatable for livestock and unfavorable 
for cultivated areas. The pattern of such changes varies with the movement and concentration 
of grazing animals with seasonal conditions and with the varying vulnerability of the land 
itself. Changes in soil surface conditions due to compaction through the trampling by 
livestock, leading to deterioration in the soil, water movement and reduced germination rate. 
Additional processes of drift sand, lead to further destruction of the vegetation and commonly 
to deterioration of surface and shallow groundwater supplies. 
There are different forms of human-induced land degradation, which related to various 
components of land such as; atmosphere, vegetation, soil, geology and hydrology. 
1. Degradation may be in the sense of deterioration of atmospheric climatic conditions, i.e. 
Human-induced adverse global climatic change. Most of the currently available rough general 
circulation models do not predict a change-to-the worse for the current arid and semi-arid 
regions such as the Sahel, which would be irreversible. 
2. Degradation of aboveground vegetation and decrease the numbers of animal is prevalent in 
many areas through direct human influence and aggravate by droughts periodically such as 
(Sahel, Southeastern Africa, and Northeastern Brazil). There are great harbingers 
demonstrated that the degraded land reversible within a few years after the return of the rain 
and "rested"  from the human activities or animal and return to back but may not extend to the 
full range of biodiversity. 
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3. Loss of nutrients is a form of chemical soil degradation, which occurs if agriculture is 
practiced on poor or moderately fertile soils without sufficient application of manure or 
fertilizers. 
4.5 Relationship between drought and degradation in Africa 
The underlying cause of most drought can be related to changing weather patterns manifested 
through the excessive build-up of heat on the earth’s surface which results in a reduction of 
rainfall, all of which results in greater evaporation rates. Consequently, increase the area 
susceptible to drought in the region. Therefore, it is projected that there will be an increase of 
5-8% of arid and semi-arid lands in Africa (IPCC Report, 2007). Therefore, drought and 
degradation are at the core of serious challenges and threats facing sustainable development in 
Africa. These problems are far reaching adverse impacts on human health, food security, 
economic activity, physical infrastructure, natural resources and the environment, and national 
and global security (UNESC, 2007). The resultant effects of drought are exacerbated by 
human activities such as deforestation, overgrazing and improper cropping methods, and 
improper soil conservation techniques, which lead to land degradation. 
There are a large number of studies designed for purposes of international land degradation, 
but the most important studies by Global Land Assessment of Degradation (GLASOD) which 
revealed that 30% of total agriculture, permanent pasture, forest, in Africa are affected by land 
degradation. Three-fourths of degraded lands lie in dry and arid and semi-arid regions. 
Approximately two-thirds of agricultural lands and one-third of permanent pastures are 
affected in this region, which are exacerbated by overgrazing and improper agricultural 
activities. It has been argued that; land degradation affects dry and semi-arid lands all over the 
world but tends to be concentrated in Africa and Asia, each of which accounts for 37% of the 
degraded land (Grainger, 1990; Purkis and Klemas, 2011). UNEP, (1995) estimated that the 
area prone to degradation worldwide is approximately 38 million km² of which 6.9 million 
km² (19%) are in sub-Saharan Africa. IFAD stated that two-thirds of Africa were classified as 
deserts or dry lands were already degraded to some degrees of land degradation, this land 
affects at least 485 million people or 65% of the entire African population. These lands are 
concentrated in the Sahelian region, the Horn of Africa and the Kalahari Desert in the south.  
 
 
 
 
 
 
 
 
Fig. 4.2: Location of the African Sahel.    Study area location 
Source: Adapted by NASA Earth Observatory, 2007 
However, long-term remote sensing studies indicate an extensive recovery of vegetation 
productivity after the droughts, suggesting that it was almost completely controlled by rainfall 
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(Nimir and Elgizouli 2011), consequently, the productivity was restored in many parts of the 
Sahel region in Africa. Knowing that, most of the agricultural production in Sudan located in 
the Sahel region of the country (figure 4.2). Both of rain-fed and irrigated agriculture are 
practiced in Sudan and the mechanized farming schemes in this region (UNEP 2007). 
4.5.1 LULC and land degradation in Sudan 
Attention to land degradation in Sudan was first drawn in the 1930s when the Soil 
Conservation Committee (SCC) was formed and made its recommendations in 1944. The 
committee alerted that the cause of land degradation is the misuse of land resources, and it has 
been pointed out that the assessment of land degradation and its trends has to be based on 
taking to account the interaction of the factors of climate, soil, vegetation cover and the 
current human activities. Accordingly, the concerned degradation in Sudan can be grouped 
into three categories as follows: the first category encompasses the most of the arid and semi-
arid states, which include the Northern, the River Nile and Kassala states. Due to the 
relatively high aridity, coupled with excessive agricultural land use, the land is experiencing a 
serious state of degradation and desertification. This situation has already been manifested in 
the form of bare lands around villages and water points, riverbank erosion (Haddam) and sand 
dunes accumulation particularly in the western side of the Nile. The second category includes 
the states that are dominating the central clay plain of Sudan, as well as the main irrigation 
schemes, which include Gedarif, Sennar, Gezira and White Nile. This region receives a 
relatively high annual rainfall (100-500 mm), and consequently is moderately degraded. The 
area had a fairly good vegetative cover, but currently the land has undergone serious 
degradation due to expansion of mechanized farming, intense woodcutting and overgrazing 
which have been carried out in some places such as the northern Gezira and the western part 
of the White Nile. These areas are currently experiencing a gradual encroachment of sand 
dunes leading to reduction of land resources. The third category includes North and West 
Kordofan, North and West Darfur. The soils are predominantly sandy, and are being 
extensively used for rain-fed traditional farming. These states are also the main resort for the 
nomadic pastoralists who avoid livestock pests and diseases occur in the clay soil further 
south during the wet season. There are multiple factors of climate, and irrational land use has 
contributed greatly to the current state of land degradation. Thereby, on a larger scale, the 
decline in yields and the general process of desert encroachment in Sudan are the results of a 
complex pattern of interacting factors (Mensching and Ibrahim, 1999). Increased livestock 
densities and overgrazing coupled with burning to open the roads to improve grazing, destroy 
annually about 35% of the natural pastures productivity that is estimated to be about 300 
million tons (Elmoula 1985). Furthermore, the fires destroy the soil surface and hence render 
it vulnerable to erosion and desertification. The clearance of forest and woodland cover for 
firewood and charcoal affect about 22 million ha. Cutting trees for different reasons, such as 
for fuelwood, wood and to extend crop cultivation areas, are the main causes of land 
degradation. These practices are observed in some areas in eastern and central Sudan as well 
woodlands are being destroyed for fuelwood and charcoal, while large areas of forest are 
being cleared to make way for mechanized farming. Therefore, the immovability periods are 
shorter, water management is becoming more critical, pest problems is currently solved by 
heavy reliance on pesticides, and cropping reformed without appropriate nutrients. The 
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outputs of all of these degradation factors, leads to affected of about 12 million hectares in 
Sudan (Ayoub, 1998). 
In rain-fed areas, tillage operations are resulting in wind erosion for the topsoil aided by the 
lack of woodland remnants or shelterbelts. Consequently, years of low rainfall combined with 
lower ground water, led to the failure of crop production in marginal lands. In irrigated clay 
soil, the use of heavy machinery is resulting in compaction of soil. In general, new and more 
intensive agricultural techniques are putting a heavy pressure on established irrigation 
schemes. In addition to over-cultivation using of heavy machinery, the cultivation of marginal 
lands in the arid and semi-arid region, especially in low rainfall areas, is a serious cause of 
degradation in Sudan. This often causes loss of soil fertility, soil permeability, and loss of 
nutrients and biological activity. Furthermore, during the 1980s and 1990s, there was a rapid 
expansion of rain-fed mechanized cultivation with the aim of attaining self-sufficiency in food 
production. Consequently, the large-scale mechanized farming has been the main factor 
contributing to deforestation and land degradation (Ayoub, 1999; FAO 2001 a and b). 
According to Ayoub, (1999) Sudan has suffered a number of long and devastating droughts in 
the past decades, which have undermined food security and are strongly linked to human 
displacement and related conflicts. Moreover, desert encroachment is threatening almost all 
the potentially cultivable land in the country. Large tracts of soils, even in the Gezira Scheme 
(largest irrigated agricultural scheme) have fallen out of production due to the suffering of 
degradation. Furthermore, an assessment by UNEP, (2007) pointed out that Sudan, along with 
other countries in the Sahel Belt, has suffered several long and devastating droughts in the 
past few decades. The most severe drought seems to have occurred in 1980-1984 (figure 4.3) 
and was accompanied by widespread displacement and famine.  
The report also listed the erosion of natural resources caused by climate change as among the 
root causes of social strife and conflict. As degradation has added significantly to the stress on 
traditional agricultural and pastoral livelihoods, the report pointed to the close linkage of 
degradation and desertification impacts to the conflict in the country. In addition, the Report 
pointed out that, in the whole Sahel Belt, climate change is expected to further reduce food 
production due to declining of rainfall and increased variability with a drop in crop yields of 
up to 70% forecasted for the most vulnerable areas. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.3: Drought risks during the period from 1980-1994 in Sudan 
There are many studies about land degradation in Sudan, but the most important was by 
Ayoub (1998). Stated that overgrazing contributes by 47%, improper agricultural practices by 
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22%, deforestation for firewood and urban demand for charcoal 19%, and overexploitation of 
vegetation for domestic use by 13 %, which are considered to be the major causes of land 
degradation in Sudan. Similar findings by the World Bank (1984) confirmed that about 
88,000 ha of woodlands were cleared each year for conversion to mechanized agriculture in 
Kordofan and Darfur, and an estimated 42,000 ha of this land after being used  for sorghum 
crop continuously for 3 to 4 years, became degraded and barren and then abandoned. It is 
evident from certain statistics that the yield per feddan of certain important crops has 
dramatically declined (Mensching and Ibrahim, 1999). Sorghum yields have decreased by 
half, millet, and groundnuts by four-fifths. The decline in sesame production has effectively 
lost 19 out of every 20 feddan. Undoubtedly, these overall declines in productivity are in part 
due to the use of marginal land, but there is also evidence of falling yields on existing 
irrigated land. This decline in crop production has also been accompanied by a drop in 
productivity of forest lands. Acacia woodlands, till now are used on a renewable basis for fuel 
and charcoal production and have disappeared over large areas. The visual evidence of 
decline is in the disappearance of productive land and increase of arid barren land and 
degradation and desertification in vast areas. Moreover, there is an evidence of changes in the 
composition of natural vegetation and shifting of the vegetation belts southwards which is 
accompanied by a loss of wildlife of many species which have become rare or extinct, in 
many areas in the north   (Mensching and Ibrahim, 1999).  
Although Sudan is rich in its natural pastures it is prone to deterioration and desertification 
through overgrazing which is one of the major causes of soil degradation in Sudan, affecting 
about 30 million ha. However, the carrying capacity of most of the rangeland areas in 
Kordofan, Darfur, Eastern Sudan and Butana region can hardly support a large amount of 
livestock in these areas. Moreover, overgrazing is the most prevalent cause of degradation in 
almost all over Sudan especially around available water points, where the water table is often 
lowered after increasing or excessive use of water. This has led to the disappearance of some 
palatable species and replacement by non-palatable species in some rangelands in most 
regions of Sudan, especially in eastern Sudan. Generally, the main causes of land and pastures 
degradation in Sudan are related to mismanagement of lands, removal of vegetation cover, 
improper management of irrigation water, drought, erosion, soil pollution and depletion of 
soil fertility (Elsamani, 1986). 
As a conclusion for all that has been mentioned above, the major impacts of degradation of 
natural resources in Sudan can be summed up in the following: degradation in socio-economic 
livelihoods, decline of the production and land productivity, food production shortage, 
conflict over land resources, decline in environmental quality, decline of rangelands and 
pastoral resources, sand movement and sand dunes. Environmental degradation is among the 
root causes of decades of conflict in Sudan. UNEP reports are warning that the most serious 
concerns are land degradation, desertification and the spread of deserts southwards. These are 
linked with factors including overgrazing of fragile soils by livestock. Many sensitive areas 
are also experiencing deforestation crisis and the establishment of unfavourable varieties. 
Indeed, some areas may undergo a total loss of forest cover within the next decade. 
Meanwhile, there is mounting evidence of long-term regional climate change in several parts 
of the country. 
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Several case studies have been carried out to support works on land degradation assessment in 
Sudan (UNEP 1977; FAO/UNEP 1984; UNEP/ISRIC (GLASOD) 1990; Dregne 1991). The 
findings of these studies observed that about 75 million ha (45%) out of 170 million ha of 
agricultural land, pasture and forest (excluding the hyper-arid zones) in the recent history 
have been degraded severely to very severely due to human induced impacts in some parts of 
Sudan. Most of the land degradation occurres in arid and semi-arid zones, but there also are 
significant percentages of land degraded in the dry sub-humid and moist sub-humid zones in 
the southern Sudan (Ayoub, 1998). 
4.5.2 Major causes of land degradation on productivity of arid lands in the GAS 
The main outcome of land degradation is a substantial reduction in the productivity of the 
land. The major causes of resources vulnerability: improper irrigation systems and misuse of 
irrigation water resulting in soil waterlogging in irrigated land which led to poor drainage of 
water and destruction of soil structure including loss of organic matter and hence the 
reduction of production. Agricultural activities that can cause land degradation include 
shifting cultivation without adequate fallow rotations periods, the absence of annual soil 
reclamation, and irregular use of fertilizer and faulty planning or management. Furthermore, 
the study area is often subjected to movement of sand from the neighbouring Nubian Desert 
towards the scheme which leads to threatening of the arable land, irrigation system and the 
social life.  
On the other hand, the effects of increasing population on land degradation processes 
obviously occur in the context of the underlying causes in the region such as land shortage as 
a consequence of continued population growth in the face of the finiteness of land resources. 
This leads the settlers to cultivate too shallow and steep soils, plow fallow land before it has 
recovered its fertility, or attempt to obtain multiple crops by cultivating intensely in one area. 
The final consequences are continuation of land degradation decreasing the wealth (land and 
vegetation) and economic development of the arid and semi-arid region, a shortage of the crop 
yields, a shortage of the livestock and lack of rural development in the region. 
4.6 Methods of assessment of land degradation 
Global assessment of land degradation is not an easy task, and thus a wide range of methods 
is used (Lal et al., 1997). Therefore, the comparison of the specific data on different estimates 
shows wide variations because of different methods and criterion used. Furthermore, most 
statistics refer to the risks of degradation based on climatic factors and land use rather than the 
actual (present) state of the land. The actual degradation may not occur because of the rational 
land use and advances in land management technologies. It can be difficult to assess the 
actual extent (present) and the impacts of land degradation unless to return to the past status 
of land cover and land use. Farmers often mask the effects of degradation by converting their 
land to less demanding use or increasing levels of compensating inputs such as applying more 
fertilizer just to maintain stable yields.  
Several methods have been developed in the literature for assessing land degradation ranging 
from field measurements, laboratory measurements of samples taken from the field, remote 
sensing applications (specifically the use of vegetation indices), expert assessment and 
observations on changes in land productivity and so on.  (Omuto and Vargas, 2009; Bai et al., 
2008; Liniger et al., 2008; Evans and Geerken, 2004; Stocking and Murnaghan, 2001; 
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Oldeman et al., 1991). Besides, remote sensing plays a critical role in mapping the spatial and 
temporal distribution of degradation features and enables understanding of the causes of land 
degradation. Gully erosion, bare areas, and degraded vegetation can be detected directly using 
satellite imagery (Shrestha et al., 2005; Wessels et al., 2007; Taruvinga, 2009). Therefore, 
LULC change has been considered as one of the most prominent aspects of land degradation 
(Wessels et al., 2007). 
Furthermore, in the last few years, UNEP and FAO developed a framework of an assessment 
of land degradation in drylands (LADA), which attempts a holistic approach towards effective 
assessment of land degradation (FAO, 2003). This framework is currently improved 
effectively capture the driving forces of land degradation, status and impacts, and what can be 
done to mitigate the impact of land degradation. There are different and diverse steps for 
assessing and monitoring different aspects of land degradation. An exhaustive description of 
this framework, its methodological steps, and a set of activities to guide the assessment 
process can be found in online documents by the (LADA) project 
(http://lada.virtualcentre.org/pagedisplay/userguide.htm). Finally, current estimates by UNEP 
indicate that close to 4 billion hectares of land or 75% of the earth’s land surfaces are affected 
by some form of degradation. These processes affect more than 15% of the world population 
and are expected to worsen unless effective actions are undertaken. But there is still the fact to 
be carried out that preventing deterioration is less expensive than addressing the effects of 
affected areas. 
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5 CHAPTER FIVE 
5.1 Historical and Fundamental Concepts of RS and GIS and their 
Applications in Vegetation Cover 
5.2 Introduction 
Since the launch of the first Earth Resources Technology Satellite (ERTS) before more than 
fifty years, on 23, July 1972, remote sensing data has become integral to environmental 
monitoring and assessment throughout the world (Zarco-Tejada and Sepulcre-Cantó, 2007). 
During this time, noted that the analysis of the data advance from simple visual observations 
to sophisticated interpretations based on first principles of spectroscopy and electromagnetic 
radiation. From the beginning of satellite data, starting with NASA’s Multispectral Scanner 
(MSS) launched in 1972, Thematic Mapper (TM) launched in 1984 and NOAA’s Advanced 
Very High Resolution Radiometer (AVHRR) launched in 1978, satellites have demonstrated 
that measurement of land cover and land use advanced and progress our understanding of the 
spatial and temporal variability of many ecosystems and environmental conditions. In 
addition, remote sensing observations have brought a new awareness of the spatial context in 
which ecological processes occur, while emphasizing the interconnection of ecosystems. 
Remote sensing advent of digital multispectral satellite and airborne sensors stimulated the 
development of new computerized analytical tools and visualization methods, initiated 
thinking about detecting biogeochemical processes that are measurable in different regions of 
the electromagnetic spectrum (EM), including measuring the fluxes and storage of materials 
between the air, land, and sea components of bio-geo-chemical (BGC) cycles. 
5.3 Remote sensing and GIS 
Generally, remote sensing refers to the activities of recording, observing, and perceiving 
(sensing) objects or events at far away (remote) places. In remote sensing, the (sensors) are 
not in direct contact with the objects or events being observed. Remote sensing can be briefly 
defined as the acquisition of information of an object using sensors that are located away from 
the object, in a way where no contact is possible (Lillesand et al., 2008). In the field of Earth 
observation, the term remote sensing usually refers to the use of space or airborne imaging 
sensors who gather and record reflected or emitted energy for users to process, analyze and 
apply that information (CCRS 2005). Remote sensing is the instrumentation, techniques, and 
methods to observe the Earth’s surface at a distance and to interpret the images or numerical 
values obtained in order to acquire meaningful information of particular objects on Earth’ 
surface (Buiten and Clevers, 1993). Furthermore, remote sensing can be described as the 
measurement of object properties on the Earth’s surface using data acquired from aircraft and 
satellites. It attempts to measure something at a distance, rather than in situ measurements 
over a two-dimensional spatial grid (Karimi-Zindashty, 2005). 
Formally, remote sensing is defined as the science and art of obtaining information about 
target an object, area or phenomenon through the analysis of data acquired by a device that is 
not in contact with the object, area, or phenomenon under investigation (Campbell, 2002; 
Lillesand, et al., 2008; Chuvieco and Huete, 2010). Remote sensing processing activities 
encompass a multitude of activities, includes the operation of satellite systems, image data 
acquisition and storage, the subsequent data processing, interpretation, dissemination of the 
proceeded data and image products (Chuvieco and Huete, 2010). It provides a large variety 
84 
 
and amount of data about the earth surface for detailed analysis and the change detection with 
the help of various spaceborne and airborne sensors. It presents powerful capabilities for 
understanding and managing earth resources.  
The modern usage of the term ‘Remote Sensing’ has more to do with the technical ways of 
collecting airborne and spaceborne information. Earth observation from airborne platforms 
has a one hundred and fifty years old history although the majority of the innovation and 
remote sensing is broadly defined as the art and science of obtaining information about an 
object without being in direct physical contact with the object (Colwell 1983, Lillesand et al., 
2008).  Development has taken place in the past fifty years ago. The first earth observation 
using a balloon in the 1860s is regarded as an important benchmark in the history of remote 
sensing (Lillesand et al., 2008). From the launch of the first civilian remote sensing satellite in 
the late July 1972, that paved the way for the modern remote sensing applications in many 
fields including natural resources management (Tucker et al., 1983, Csaplovics 1992, 
Campbell 1996, Lillesand et al., 2008). Since then platforms have evolved to space stations, 
sensors have evolved from cameras to sophisticated scanning devices and the user base has 
grown from specialized cartographers to all related disciplines. Furthermore, remote sensing 
technology has been developed very much since it is a time of invention. The empirical 
evidence for growth of remote sensing is found by considering the development of sensing 
and space technology such as the development of Radar in the 1940s, thermal imagery in 
1960s, the launch of ERTS and Landsat satellites in the 1970s, the continuation of medium 
and coarse scale monitoring of the globe in the 1980s, the advent of the satellite high spatial 
detail imagery in the 1990s, and the rapid refinement and anticipated widespread application 
of LIDAR in the 2000s  (Landgerbe, 1997; Lefsky et al., 1999b; and Jensen, 2000). However, 
remote sensing has developed as a powerful tool in environmental studies (Oˇstir et al. 2003) 
because it can provide calibrated, objective, repeatable and cost-effective information for 
large areas and it can be empirically related to field data collected by traditional means 
(Graetz 1987; Tueller 1987; Pickup 1989).      
Remotely sensed images are available at regular intervals, can provide more continuous 
information than field studies, and allow planners to build histories of past conditions. Also, 
regular interval images and historical records support pro-active planning approaches rather 
than re-active (He et al., 2000). Satellite imagery also offers a broad viewpoint and 
perspective that is not otherwise available, providing opportunities to observe trends over time 
and patterns in the landscape (Adinarayana and Krishna, 1995). In the other hand, remotely 
sensed images are best suited for land cover detection and change, measuring habitat growth 
or expansion of human development (Aspinall and Pearson, 2000).   
Geographic information systems "GIS" are computerized systems capable of assembling for 
the storage, retrieval, manipulation, analysis; they are valuable tools in the natural, social, 
medical, and engineering sciences, as well as in business and planning, and display of 
geographically referenced data identified according to their locations. Moreover, GIS is a 
powerful set of tools for collecting; storing, transforming and displaying spatial data from the 
real world for a particular set of purpose (Burrough and McDonnel, 1998). Historically, GIS 
began in the 1960s where many individuals and participants in the early stages of the 
invention at the same time. The GIS has been developed through parallel and multiple 
applications across many disciplines (Pickles, 1999). On the other hand, it was developed in 
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the 1950s and 1960s, primarily in the public sector in the 1970s and 1980s, a vigorous GIS 
industry developed, with clear US leadership, although its antecedents go back hundreds of 
years in the fields of cartography and mapping(Goodchild, 1992). 
Integration of remote sensing and GIS reduce the time and the cost required for the 
monitoring process, which makes them increasingly popular tools to measure indicators 
identified in resource management plans (He et al., 2000). Often indicators are calculated 
through field studies, surveys and other personnel intensive measures that can be expensive 
and time-intensive (Palmer et al., 1998). Sometimes, to monitor a management plan can be 
prohibitive resulting in an inadequately evaluated plan that does not meet the needs of the 
dynamic landscape. therefore, In some cases of could not be reached to the study area for 
security reasons or for political or not adequate funding for the collection of information, in 
this case, remote-sensing data can be used separately and inserted into the geographic 
information system (GIS), can provide an alternative source of the data (Noss and 
Cooperrider, 1994; McCracken et al., 1999). Furthermore, GIS is useful for further analysis 
after complete of satellite data analysis and forecasting future trends. Serving as a decision 
support tool for analysts, GIS are highly applicable in ecosystem-based planning. They 
contain tools that can digitize and edit data, change map projections, provide visual analysis, 
import data from remote sites and maintain spatial inventories (Hill and Aspinall, 2000). They 
are also capable of spatially organizing and analysing large amounts of information (D’erchia, 
1997). Their ability to incorporate models and to combine remote sensing and other spatial 
data for analysis make them inherently suited for ecosystem management (Aspinall and 
Pearson, 2000; Babu and Reidhead, 2000). Boyce and Payne (1997) claim that a GIS 
integrates “social and economic factors into the analysis of ecosystems.” Additionally, a GIS 
balances data that exists on different scales. Successful land management relies on the ability 
to work with varying levels of data, from detailed data analysis to habitat mapping (Treu et 
al., 2000). GIS also contain functions to illuminate change over time by comparing layers 
from varying time periods and highlighting areas of difference.  
The use of remote sensing and GIS has gained much recognition as environmental resources 
management tools for data collection and analysis. Remote sensing techniques provides a 
holistic birds-eye view of watersheds, present a platform for riparian habitat analysis, and 
involves the classification of images by identifying spectral similarities and differences in 
multidimensional spectral space and linking them to land-cover categories (Rindfuss et al, 
2004). GIS supports the remote sensing analysis by allowing the analyst to focus on specific 
regions that show change or impending damage.  
5.3.1 Remote sensing instruments  
5.3.1.1 Active and passive sensors 
Usually, remote sensing used in the narrowest forms of expression in which the observation is 
made from target object of interest, from a sensor carried on an airborne or spaceborne 
platform, and the information is carried by electromagnetic radiation, i.e. visible light, 
infrared or ultraviolet radiation, or radio waves (Rees, 2010). This radiation can occur 
naturally, in which case the type of remote sensing is said to be passive, or it can be 
transmitted from the sensor to the object under investigation, in which case remote sensing is 
said to be active. Passive remote sensing developed originally from aerial photography to 
include other parts of the electromagnetic spectrum, other technologies for detecting the 
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radiation and storing the data, and other platforms to carry the sensor. Active remote sensing 
grew from the military development or radar during the Second World War (Rees, 2013).  
5.3.2 Electromagnetic energy  
Generally, the term "Remote Sensing" refers to methods that employ electromagnetic energy, 
such as light, heat, and radio waves as the means of detecting and measuring target 
characteristics (Sabins, 1987). The electromagnetic (EM) spectrum is the continuous range of 
electromagnetic radiation, extending from gamma rays (highest frequency & shortest 
wavelength) to radio waves (lowest frequency & longest wavelength) and including visible 
light. The EM spectrum can be divided into seven different regions from gamma rays, X-rays, 
ultraviolet, visible light, infrared, microwaves and radio waves (figure 5.1). 
The EM emitted by the sun will be reflected, absorbed, scattered or transmitted by different 
materials on the earth’s surface (Elachi, 1987). The majority of sensors record the reflected or 
re-radiated EMR of objects on the earth’s surface (Jenson, 2000). The objects on the earth’s 
surface have a characteristic reflectance, texture and shape, which can combine to influence 
the remotely sensed variations in the amount and properties of the EMR, (Table 5.1). These 
variations then play an important role in the interpretation of the data (Campbell, 2002; 
Lillesand et al., 2008; Jensen, 2000). The sensors collect and record these variations of 
reflectance within the EMR as analog and/or digital matrices (raster) of digital numbers, or 
brightness values, which make up remotely sensed images (Jensen, 2000; ERDAS, 2009). 
Remote sensing (RS) interprets electromagnetic energy that is emitted and reflected by any 
object whose temperature is not at absolute zero. The energy propagates in the form of a 
wave-corpuscular dichotomy (Mather, 2004). However, the satellite systems are either active 
or passive. The passive systems directly or indirectly use solar radiation, whereas active 
systems such as; radar systems, generate electromagnetic radiation themselves. 
5.3.2.1 Electromagnetic wavelengths 
Electromagnetic waves are energy transported through space in the form of periodic 
disturbances of electric and magnetic fields. All electromagnetic waves travel through space 
at the same speed, c = 2.99792458 x 108 m/s, commonly known as the speed of light. An 
electromagnetic wave is characterized by a frequency and a wavelength. These two quantities 
are related to the speed of light by the equation, 
                                              Speed of light = frequency x wavelength 
Wavelength is the distance between identical points in the adjacent cycles of a waveform 
signal propagated in space or along a wire (figure 5.2).  
 
 
 
 
 
 
 Fig. 5.1: Electromagnetic spectrum regions  
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In wireless systems, this length is usually specified in meters, centimeters, or millimeters. In 
the case of infrared, visible light, ultraviolet, and gamma radiation, the wavelength is more 
often specified in nanometers (units of 10-9 meter) or Angstrom (units of 10-10 meter). 
Wavelength is inversely related to frequency. Furthermore, whenever the higher frequency of 
the signal whenever the shorter wavelength. Accordingly, if ƒ is the frequency of the signal as 
measured in megahertz, and w is the wavelength as measured in meters, then 
w = 300/ƒ 
 
 
 
 
 Fig.5.2: The location of the wavelength within the electromagnetic spectrum 
Table 5.1: Major regions of the electromagnetic spectrum 
Region Name Wavelength Comments 
Gamma Ray < 0.03 
nanometers 
Entirely absorbed by the Earth's atmosphere and not 
available for remote sensing 
X-ray 0.03 to 30 
nanometers 
Entirely absorbed by the Earth's atmosphere and not 
available for remote sensing 
Ultraviolet 0.03 to 0.4 
micrometers 
Wavelengths from 0.03 to 0.3 micrometers absorbed by 
ozone in the Earth's atmosphere 
Photographic 
Ultraviolet 
0.3 to 0.4 
micrometers 
Available for remote sensing in the Earth. Can be imaged 
with photographic film 
Visible 0.4 to 0.7 
micrometers 
Available for remote sensing the Earth. Can be imaged with 
photographic film 
Infrared 0.7 to 100 
micrometers 
Available for remote sensing the Earth. Can be imaged with 
photographic film 
Reflected 
Infrared 
0.7 to 3.0 
micrometers 
Available for remote sensing the Earth. Near Infrared 0.7 to 
0.9 micrometers. Can be imaged with photographic film 
Thermal 
Infrared 
3.0 to 14 
micrometers 
Available for remote sensing the Earth. This wavelength 
cannot be captured with photographic film. Instead, 
mechanical sensors are used to image this wavelength band 
Microwave or 
Radar 
0.1 to 100 
centimeters 
Longer wavelengths of this band can pass through clouds, 
fog, and rain. Images using this band can be made with 
sensors that actively emit microwaves 
Radio > 100 
centimeters 
Not normally used for remote sensing the Earth 
 
5.3.2.2 Effects of atmosphere on EMR 
When the electromagnetic radiation passes through the atmosphere, it may be absorbed or 
scattered by the constituent particles of the atmosphere. Molecular absorption converts the 
radiation energy into excitation energy of the molecules. Scattering redistributes the energy of 
the incident beam to all directions. The overall effect is the removal of energy from the 
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incident radiation. The various effects of absorption and scattering are outlined in the 
following sections. 
5.3.2.3 Electromagnetic spectrum: transmittance, absorptance, and reflectance 
In much of remote sensing applications, the process involves an interaction between incident 
radiation and the target of interest. Note, however that remote sensing also involves the 
sensing of emitted energy and the use of non-imaging sensors (Gopi et al., 2008). For any 
given material, the amount of solar radiation that is reflected (absorbed, transmitted) will vary 
with wavelength. This important property of matter allows to separate distinct surface cover 
types based on their response values for a given wavelength. The first requirement for remote 
sensing is to have an energy source, which illuminates or provides electromagnetic energy to 
the target of interest. As the energy travels from its source to the target, it will contact and 
interact with the atmosphere. This interaction may take place a second time as the energy 
travels from (returned) the target to the sensor. Once the energy makes its way to the target 
through the atmosphere, it interacts with the target depending on the properties of both the 
target and the radiation. Then the energy either scattered by or emitted from the target.This 
energy requires a sensor (not in contact with the target) to collect and record the 
electromagnetic radiation. The energy recorded by the sensor has to be transmitted, often in 
electronic form, to receiving and processing station where the data are processed into an 
image (hardcopy and/or digital). Then, the image is interpreted visually and/or digitally or 
electronically, to extract the information about the target. The last step which represents the 
final element of the remote sensing process, which is  achieved by applying the information 
that was extracted from goal on satellite images to better understand, reveal some new 
information, or assist in solving a particular problem. These elements comprise the remote 
sensing process from beginning to end. 
Most of the energy in the visible and infrared portions of the electromagnetic spectrum is 
measured in micrometers (10-6m) (table 5.2). Millimeters may be used for longer 
wavelengths (blue - 0.4 - 0.5 mm) table (5.3). The basic units in wavelengths are measured in 
meters (m). Depending on the wavelength and the nominal spectral location, principal 
applications can be matched with suitable satellite bands for classification. Different materials 
such as water, soil, vegetation, buildings and roads reflect visible and infrared light in 
different ways (figure 5.3). They have different colors and brightness when appears under the 
sunlight. The interpretation of optical images requires the knowledge of the spectral 
reflectance signatures of the various materials (natural or man-made) covering the surface of 
the earth. The final concept of remote sensing, showing the incident and the reflected solar 
radiation of different materials as shown in figure (5.4). 
Table 5.2:  Regions and measures of electromagnetic spectrum 
 
 
 
 
 
 
 
 
Regions Electromagnetic Spectrum 
Gama Ray                0.03 nanometers  
X- Ray                      0.03- 3.0 nanometers 
Ultraviolet 3.0 - 0.4 micrometers 
Visible 0.4- 0.7 micrometers 
Near Infrared            0.7-1.3 micrometers 
Mid- infrared            1.3-3.0 micrometers 
Thermal infrared      3.0-5.0 mm+ 8.0-14.0 mm 
Microwave   0.3-300.0 cm 
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Table 5.3: The wavelength and the specifications of the target bands  
Band Wavelength Nominal 
Spectral 
Location 
Principal Applications 
1 0.45-0.52 Blue Designed for water body penetration, which is useful for 
coastal water mapping. Also useful for soil/vegetation 
discrimination, forest type mapping, and features 
identification 
2 0.52-0.60 Green 
 
Designed to measure green reflectance, which is useful 
for vegetation discrimination and vigor assessment. Also 
useful for vegetation features identification 
3 0.63-0.69 Red 
 
Designed to sense in a chlorophyll absorption region, 
which is aiding in plant species differentiation. Also 
useful for feature identification 
4 0.76-0.90 Near 
infrared 
Useful for determining vegetation types, vigor, and 
biomass content, for delineating water bodies, and for 
soil moisture discrimination 
5 155.-1.75 
 
Mid-
infrared 
Indicative of vegetation moisture content and soil 
moisture discriminations, and thermal mapping 
applications 
6 10.4-12.5 Thermal 
infrared 
Useful in vegetation stress analysis, soil moisture 
discrimination, and thermal mapping applications. 
7 2.08-2.35 Mid-
infrared 
Useful for discrimination of mineral and rock types. Also 
sensitive to vegetation moisture content 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.3: Typical spectral reflectance curves for some common cover types (source: Swain and Davis, 1978) 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.4: Concept of remote sensing showing the incident and the reflected solar radiation of different materials 
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5.4 Spectral signature 
A basic assumption in remote sensing is that the specific surfaces such as rocks, water, and 
vegetation has characteristic reflection or emission behavior, which can be distinguished by 
the specific spectral signature. This signature is influenced by many factors such as the 
material properties of the surface, the topography or the modification of radiation by the 
atmosphere (Richards and Jia, 1999). When solar radiation hits a target surface, it may be 
transmitted, absorbed or reflected. However, different materials reflect and absorb differently 
at different wavelengths. The reflectance spectrum of a material is a plot of the fraction of 
radiation reflected as a function of the incident wavelength and serves as a unique signature 
for the material. In principle, a material can be identified from its spectral reflectance 
signature if the sensing system has sufficient spectral resolution to distinguish its spectrum 
from those of other materials. For reasons of clarity, typical signatures are plotted. It should 
be noted here that the signature changes depending on the condition of the surface considered. 
With the aid of this typical reflectance, the surface observed by satellite sensors can be 
determined in more detail. As a rule, the surface is either determined manually or by the 
computer making use of a classification scheme. 
5.5 Satellite image resolution characteristics  
According to Lillesand et al., (2008) and Campbell, (2007), the resolution is defined as the 
ability of the system to render the information at the smallest discretely separable quantity in 
terms of distance (spatial), wavelength band of EMR (spectral), time (temporal) and/or 
radiation quantity (radiometric). The following types of resolutions such as spatial, spectral, 
radiometric and temporal resolutions can describe the quality and characteristics of remote 
sensing systems. Furthermore, the quality of remote sensing data consists of its spatial, 
spectral, radiometric and temporal resolution; these resolutions control our ability to interpret 
remote sensing data (Jensen, (2005), Lentile, (2006), Richards, (2006) and Lillesand et al., 
(2008). 
5.5.1 Spatial resolution  
Is the size of the smallest possible feature or an object on the satellite image that can be 
detected by the sensor. On the other hand, the distance between distinguishable patterns or 
objects in an image, which can be separated from each other and is often expressed in meters. 
For example, small areas may have to be represented as points (i.g. the size of the field-of-
view, e.g. 10 x 10 m). In general, the spatial resolution depends on the Instantaneous Field of 
View (IFOV) - IFOV is the angular cone of visibility of the sensor. The spatial resolution 
(also known as ground resolution) is the ground area imaged for the instantaneous field of 
view (IFOV) of the sensing device. The spatial resolution may also be described as the ground 
surface area that forms one pixel in the satellite image. The IFOV or ground resolution of the 
Landsat thematic mapper (TM) sensor, for example, is 30 m. The ground resolution of 
weather satellite sensors is often larger than a square kilometre. There are satellites that 
collect data at less than one-meter ground resolution but these are classified military satellites 
or very expensive commercial systems. Furthermore, for a homogeneous feature to be 
detected, its size has to be equal to or larger than the resolution cell. A fine spatial resolution 
reduces the number of mixed pixels, especially if the landscape is highly fragmented and land 
cover parcels have an irregular shape (Mather and Brandt, 2009). Consequently, if the feature 
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is smaller than this, it may not be detectable, as the average brightness of all features in that 
resolution cell will can be recorded. However, smaller features may sometimes be detectable 
if their reflectance dominates within a particular resolution cell allowing sub-pixel or sub-
resolution cell detection. 
5.5.2 Spectral resolution  
The term spectral resolution refers to the width of spectral bands that a satellite imaging 
system can detect the electromagnetic spectrum. On another hand, spectral resolution 
describes the ability of a sensor to define the wavelength intervals. The simplest form of 
spectral resolution is a sensor with one band only, which senses visible light. An image from 
this sensor would be similar in appearance to a black and white photograph from an aircraft 
(George, 2005). A sensor with three spectral bands in the visible region of the EM spectrum 
would collect similar information to that of the human vision system. For example, the 
“photographic infrared” band covers from about 0.7 - 1.0 micrometers (e.g. the number and 
size of spectral regions the sensor records data in, e.g. blue, green, red, near-infrared, thermal 
infrared, microwave (radar)). The wavelength width of the different frequency bands recorded 
usually, this is related to the number of frequency bands recorded by the platform. Current 
Landsat collection is that of seven bands, including several in the infrared spectrum, ranging 
from a spectral resolution of 0.07 to 2.1 µm. The Hyperion sensor on Earth Observing-1 
resolves 220 bands from 0.4 to 2.5 µm, with a spectral resolution of 0.10 to 0.11 µm per band. 
5.5.3 Radiometric resolution 
Radiometric resolution determines how finely a system can represent or distinguish 
differences of intensity, and is usually expressed as a number of levels or a number of bits. 
The radiometric resolution of an imaging system describes its ability to discriminate very 
slight differences in energy. (e.g. the sensitivity of detectors to small differences in 
electromagnetic energy).  Furthermore, the finer radiometric resolution of a sensor, the more 
sensitive to detecting small differences in reflected or emitted energy, while the higher 
radiometric resolution, the better subtle differences of intensity or reflectivity can be 
represented theoretically. In practice, the effective radiometric resolution is typically limited 
by the noise level, rather than by the number of bits of representation. Also refers to the 
number of possible brightness values in each band of data, which determined by the number 
of bits into which the divided energy is recorded, or the number of different intensities of 
radiation the sensor is able to distinguish. e.g. in 8-bit data, the brightness values can range 
from 0 to 255 for each pixel, while in 7-bit data, the values range from 0 to 127 or half of 
possible values. Typically, this range from eight to 14 bits, corresponding to 256 levels of the 
gray scale and up to 16.384 intensities or "shades" of color, in each band, which is also 
depends on the instrument noise (George, 2005). 
5.5.4 Temporal resolution 
The concept of revisit period, which refers to the length of time it takes for a satellite to 
complete one entire orbit cycle (George, 2005). On another hand, it defines as a description of 
how often a sensor can obtain imagery of a particular area of interest. The frequency will vary 
from several times per day, for a typical weather satellite. For example, the Landsat satellite 
revisits an area every 16 days as it orbits the Earth while the SPOT satellite can image an area 
every 1 to 4 days (e.g: how often the sensor acquires data, e.g. every 30 days). Dense clouds 
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cover a given area or object makes it necessary to repeat the collection of the same location. 
The temporal resolution of a remote sensing system refers to the frequency with which it 
images the same area. Therefore, frequent imaging is important for disasters, environmental 
management. Such as; floods, oil slicks, the spread of forest disease from one year to the next 
and change detection applications. 
In order to create sensor-based maps, most remote sensing systems expect to extrapolate 
sensor data in relation to a reference point including distances between known points on the 
ground; this depends on the type of sensor used. However, because of some degree of overlap 
in the imaging swaths of adjacent orbits for most satellites and the increase in this overlap 
with increasing latitude, some areas of the Earth tend to be re-imaged more frequently. In 
addition, some satellite systems are able to point their sensors to image the same area between 
different satellite passes separated by periods from 1 to 5 days. Thus, the actual temporal 
resolution of a sensor depends on a variety of factors, including the satellite/sensor 
capabilities, the swath overlap, and latitude. 
5.6 Classification in remote sensing  
Classification is the fundamental image-processing task to extract information from remote 
sensing data. Image classification is the most widely used technique in various remote sensing 
applications for extraction of target thematic information. Basically, image classification is a 
mapping process to generalize the image pixels into meaningful groups each resembling 
different land category (Jensen, 1995). Moreover, the process used to produce thematic maps 
from imagery (Schowengerdt, 2007). On another word the classification process is an attempt 
to categorize all pixels in a satellite digital image into one of several land cover classes or 
similar clusters (figure 5.5). This categorized data was then used to produce thematic maps for 
the output of the land cover present in an image. Normally, multispectral data are used to 
perform the classification and, indeed, the spectral pattern present within the data for each 
pixel is used as the numerical basis for categorization. Furthermore, image classification is 
defined as the process of sorting all the image pixels into a finite number of classes or 
categories of data. These categorizations are based on the data file values of individual pixels 
and it follows a set of criteria. Before using the classification result from satellite images for 
change detection, it is important to test the result against any reference data or ground truth 
data. In some cases, if the satisfaction is not up to the mark, the classification needs to be 
repeated or updated (Shamaoma, 2005).   
In this regard, the overall objective of image classification procedures is to automatically 
categorizes all pixels in an image into land cover classes or themes (Lillesand et al., 2008). 
The amount of image data that is received from satellites is constantly increasing. For 
example, nearly 3 terabytes of data are being sent to Earth by NASA’s satellites every day 
(Durbha and King, 2004). Advances in satellite technology and computing power have 
enabled the study of multi-modal, multi-spectral, multi-resolution, and multi-temporal data 
sets for applications such as urban land-use monitoring and management, GIS and mapping, 
environmental change, site suitability, and agricultural and ecological studies.  
In general, there are two hard methods of classification techniques; unsupervised and 
supervised classifications. The first technique, do not require the user to select training data 
from the image to characterize the targets or to train the classifier. Just obtained the user 
specifies only the number of clusters (set of classes) to be generated, and the software 
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classifier automatically constructs the clusters by minimizing some predefined error function. 
The second technique requires the user to select representative training data (supervised) for 
each of a predefined number of classes and (labeling the pixel). Classification performance is 
highly dependent on how well the user is able to model the target class distribution. The 
user’s experience is very helpful in identifying and locating training areas (Tso and Mather, 
2009). 
 
 
 
 
Fig.5.5: Image classification proceeding (CCRS, 2004)  
5.6.1 Unsupervised classification technique 
A fundamental goal of the remote sensing analysis is the classification of an image or scene 
(Lusch 1999). Unsupervised classification is a method, which examines a large number of 
unknown pixels and divides into a number of classed based on natural groupings present in 
the image values. This process is useful for land cover identification in areas that may be 
unfamiliar to the user because no training regions are required (CCRS, 2002). Furthermore, 
unsupervised classification procedures are capable of locating patterns or data structures that 
may otherwise be unobserved visually (Duda et al., 2001). Classification performance is 
highly dependent on how well the user is able to model the target class distribution. In this 
technique, the user specifies only the number of clusters to be generated, and the software 
classifier automatically constructs the clusters by minimizing some predefined error function. 
The unsupervised training is based on selecting the discrimination space (set of bands that 
will be used for the grouping) and the clustering algorithm. The variables used for the 
clustering may be the original bands or the result of some transformation. The classes that 
result from unsupervised classification are spectral classed which based on natural groupings 
of the image values, the identity of the spectral class will not be initially known, must 
compare classified data to some form of reference data (such as larger scale imagery, maps, or 
site visits) to determine the identity and informational values of the spectral classes. Thus, in 
the supervised approach, to define useful information categories and then examine their 
spectral separability; "in the unsupervised approach, the computer determines spectrally 
separable class, and then define their information value" (Lillesand et al., 2008). 
Unsupervised classification is becoming increasingly popular in agencies involved in long-
term GIS database maintenance. The reason is that there are now systems that use clustering 
procedures that are extremely fast and require little in the nature of operational parameters. 
Thus, it is becoming possible to train GIS analysis with only a general familiarity with remote 
sensing to undertake classifications that meet typical map accuracy standards. Additionally, 
the unsupervised approach has the potential advantage of revealing discriminable classes 
unknown from previous work. However, when the definition of representative training areas 
is possible and statistical information classes show a close correspondence, the results of 
supervised classification will be superior to unsupervised classification. 
A B 
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Generally, Supervised and unsupervised classification algorithms typically use hard 
classification logic to produce a classification map that consists of hard, discrete categories 
(e.g., forest, agriculture). Conversely, it is also possible to use fuzzy set classification logic, 
which takes into account the heterogeneous and imprecise nature of the real world (Jensen, 
2005).  
5.6.2 Supervised classification technique 
Supervised image classification is the procedure most often used for quantitative analysis of 
remote sensing satellite image data (Richards, 2013). Normally, supervised classification can 
be defined as the process of samples of known identity to classify pixels of unknown identity. 
Samples of known identity are those pixels located within training areas. Pixels located within 
these areas term the training samples used to guide the classification algorithm to assigning 
specific spectral values to appropriate informational class. There are many various of 
supervised classification algorithms may be used to assign an unknown pixel to one of a 
number of classes. Also, there are wide options to choice the particular classifier or decision 
rule depends on the nature of the input data and the desired output. Among the most famous 
frequently used classification algorithms are the parallelepiped, maximum likelihood, 
Mahalanobis distance and minimum distance decision rules. It has been found that in areas of 
complex terrain, the unsupervised approach is preferable to the supervised one. In such 
conditions, if the supervised approach is used, the user will have difficulty in selecting 
training sites because of the variability of spectral response within each class. Consequently, a 
prior ground data collection can be very time-consuming. 
5.6.2.1 Maximum likelihood classifier (MLC) 
MLC procedure is the most commonly applied of supervised classification method because of 
its robustness; nevertheless, it has the underlying assumption of a normal (Gaussian) 
distribution of the data within each class (Richards, 2013). It is one of the most popular 
methods of classification in remote sensing has been used in the past and recently, in which a 
pixel with the maximum likelihood is classified into the corresponding class. It is the most 
common approach and is frequently used in research and application (Heikkonen and Varjo, 
2004). This classifier has a foundation from inferential statistical methods developed in the 
1930s by a statistician named “Fischer” who was trying to classify roses which assume that 
each population is normally distributed. This classifier can produce a “confidence” value in 
addition to the predicted cover class for each pixel. 
The classification algorithm based on the training sample information and the procedure of 
supervised statistical approach to pattern recognition. The MLC uses the Gaussian threshold 
that is stored in each class signature to check whether a given pixel falls within a particular 
class or not. If the pixel falls inside the threshold value of the particular class, then it is 
assigned to that class. This classification method uses the training data to estimating means 
and variances of the classes, which are then used to estimate probabilities. The MLC tool 
considers both the variances and covariance of the class signatures when assigning each cell 
to one of the classes represented in the signature file and achieved by calculating a statistical 
distance based on the mean values and covariance matrix of the clusters. The MLC 
quantitatively evaluates both the variance and covariance of the category spectral response 
patterns when classifying an unknown pixel. The MLC considers not only the cluster center 
but also its shape, size and orientation (Schowengerdt, 2007). Furthermore, MLC algorithm 
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classifies every pixel into one category, even when the probability is low. Since classification 
with low likelihood commonly is associated with high commission errors. In the case of many 
pixels with low probability, the interpreter should consider whether the classification is really 
representative entire the study area, or whether the training statistics were properly generated 
(Chuvieco and Huete, 2010). MLC considers not only the mean or average values in assigning 
classification but also the variability of brightness values in each class. To do this, an 
assumption is made that the distribution of the cloud of points forming the category training 
data is Gaussian (normally distributed). This assumption of normality is generally reasonable 
for common spectral response distributions. Under this assumption, the distribution of a 
category response pattern can be completely described by the mean vector and the covariance 
matrix (Lillesand et al., 2008). Classification also allows the operator to define a threshold 
distance by defining a maximum probability value.  
The basic equation assumes that these probabilities are equal for all classes and that the input 
bands have normal distributions. The MLC is defined as the posterior probability of a pixel 
belonging to class k. 
                                     MLK = P (k/X) = P (k)*P(X/k) / P (i)*P(X/i) 
 
Where: 
P (k): prior probability of class k. 
P(X/k): conditional probability of observing X from class k, or probability density function.  
Usually, P (k) is assumed to be equal to each other. 
 P (i)*P(X/i) is also common to all classes.  
Therefore, (MLK) depends on P(X/k) or the probability density function. 
However, the parallelepiped classification technique uses for the supervised classification 
procedure with the development of the training sites to identify the LULC groups and the 
signature development. The classification procedure also uses to classify the images into two 
main LULC classes namely; Vegetative LULC and Non- vegetative LULC. Consequently, the 
parallelepiped classification technique was chosen for the analysis in this study.  
5.7 Classification of mixed pixels 
A number of alternative techniques classifications such as MLC, linear mixture modeling 
(LMM), fuzzy set and neural network approach (Key et al., 1989; Settle and Drake, 1993; 
Foody 1996; Moody et al., 1996; Foody 2001; Foody et at., 2003). Recently, there are many 
techniques created such as spectral mixture analysis (SMA), segmentations techniques, 
multiresolution classification, object orient classification and object base classification can be 
used for the classification of mixed pixels. These techniques can be applied to resolve a pixel 
into various LC class components outputs. The pixel in each image (generally referred to as 
fraction image) depicts the proportion of individual LC classes. These mathematically derived 
proportions have been found to be related to the actual proportions of the LC classes on the 
ground. It may be, however, these proportions do not actually represent the spatial distribution 
of classes on the ground. 
5.8 Object oriented method 
Due to the complexity and spectral similarity in semi-arid areas, introducing spatial 
information in addition to spectral information to the classification hierarchy provides 
valuable features allowed for the separation of spectrally similar objects. Utilization of these 
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features has been applied mainly to discriminate between different types of vegetation cover 
and to separate surface features from confused objects relevant to the soil (e.g: stabilized sand 
and mobile sand), grasses and scattered grass and shrubs classes. Recently, an old idea has 
returned with renewed interest that may be able to proper handle the variability inherent in 
high spatial resolution imagery to create a stable and accurate analysis; it is called object-
oriented analysis. As early as the 1970’s the object-oriented approach was suggested as an 
alternative to pixel-based analysis, but due to computational demands and complexity of the 
approach, it was rejected at that time in favor of per-pixel classifiers (de Kok et al, 1999; 
Flanders et al, 2003; Chubey et al, 2006). Object-based image analysis attempts to break 
down and analyze an image as objects, commonly referred to as segments, rather than looking 
at an image on a per-pixel basis (Darwish et al, 2003). 
Object oriented method is a new concept, allows the integration of a wide field of different 
object features such as spectral values, shape, and texture. The object-oriented method is a 
newly developed image classification techniques, considering not only the spectral 
information of the image but also incorporates both spectral and spatial information such as 
shape, texture, contextual and semantic information (Owojori & Xie, 2005). This approach 
has gained popularity over traditional pixel-based image classification (Blaschke, 2005; 
Castilla and Hay, 2008; Gamanya et al., 2009; Blascke, 2011). Furthermore, it is a concept of 
image investigation that encompasses spatial and semantic context into the extraction of real-
world phenomena from remotely sensed data. Image objects have a much closer relation with 
real world objects, which increases the value of the final land use/cover classification (Castilla 
and Hay, 2008). Moreover, this method named fuzzy logic classification, which is a relatively 
new method of classification in which attempts are made to address the problem of mixed 
pixels or to represent the hydrogenous nature of land cover through employing the fuzzy logic 
concept. In conventional classification techniques described above every pixel is treated as a 
full member of one of the classes in the thematic map or completely excluded from that 
classes, while Fuzzy logic, on the other hand, assigns the degree of membership of each pixel 
to each land cover class (Kruse et al., 1993; Muzein 2006). This method mostly resembles the 
visual interpretation technique. This new technique for image classification is assumed as 
more efficient when compared with those techniques used previously for low and medium 
resolution images. The reason behind such reality is that the automatic classifiers previously 
used neglects the important information of the image like texture, shape, context which are 
considered in the object-oriented technique for creating meaningful objects of a different 
category (Laliberte et al. 2004; Gitas et al., 2004; Owojori & Xie, 2005). Despite, several 
studies concentrated in different classifications but it is difficult to clearly extract objects of 
interest with pixel based on classification. The recent object orient classification method 
provides a tool for effective land cover and land used over mapping (Blaschke, 2005). This 
method considers a group of pixels and geometric properties of image objects. Therefore, is 
used to avoid the mixed pixel problem associated with pixel based methods and easily detect 
the change.   
The object-oriented classification includes two consecutive processes. An image is subdivided 
into separated regions according to the spectral and spatial heterogeneity in the image 
segmentation process. Then the objects are assigned to a specific class according to the class’s 
detailed description in the image classification process. 
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5.8.1 Image segmentation   
Image segmentation is the process of the division the image into regions with similar 
attributes, (Pratt 1991). It is the process of completely partitioning an image into non-
overlapping segments in image space (Schiewe, 2002). Furthermore, segmentation algorithms 
are attracting much interest and a variety of methods have been employed in the image 
segmentation process. After the image segmentation process, the image splitting into separate 
regions. The segmentation process in (eCognition software) also called multi-resolution 
Segmentation, is the main a threshold-based optimization method for image objects 
(segments). The threshold is defined as the maximum acceptable heterogeneity for the 
objects. Pixels or objects are simply merged if the heterogeneity is less or below than the 
threshold. The heterogeneity of an object is composed in principle from color and shape 
heterogeneity (eCognition User Guide, 2007). The multi-resolution segmentation technique is 
used to build up a hierarchical network of image objects that allow the definition of relations 
between neighboring objects of different size (Baatz et al., 2004). Moreover, this type of 
segmentation produces homogeneous image objects and leads to a better understanding of the 
image content (Gao, 2009). 
A segmentation based on a classification, which makes use of a classifier that, implements the 
k-nearest-neighbor technique. This method, which requires supervision, considers sample 
points provided by the operator in order to identify the classes. Image segmentation is a 
prerequisite for object-based image analysis as it aggregates image pixels to larger groups 
that, while being statistically homogeneous internally, differ from their neighboring regions. 
Image segmentation has been a well-studied field of research in both geographic (Lübker and 
Schaab 2009; Neubert and Herold 2008) and non-geographic domains (Freixenet et al., 2002). 
The approaches for the segmentation of digital color images can be broadly classified in (a) 
edge and line is oriented segmentation work on image data either individually analyzing each 
data band (e.g., the RGB channels) or considering the whole vector space, by using gradient 
calculated in a two-dimensional vector space and after edge extraction. A post processing 
should be applied to create the objects and segments that represent the elements present in the 
scene (b) region growing methods, (c) clustering, and (d) region splitting methods, are deals 
commonly with feature extraction and thresholding (Ohta et al., 1990). 
Advantages of this method are meaningful statistic and texture calculation, an increased 
uncorrelated feature space using a shape (e.g. length, the number of edges, etc.) and 
topological features (neighbor, super-object, etc.), and the close relation between real-world 
objects and image objects (Definiens User Guide, 2007). This relation improves the value of 
the final classification unlike the traditional pixel-based approaches (Benz et al., 2004). 
Context techniques assume that the spectral response and the neighbor pixels are highly 
correlated and thus efficient when compared with those techniques used previously for images 
with medium spatial resolution (Whiteside & Ahmad, 2005). Regarding image analysis, 
techniques that consider both measures of reflectance values and neighborhood relations are 
available in new eCognition software. It is considered as one technical solution to overcome 
the pixel view in image segmentation. 
5.9 Classification accuracy assessments 
The importance of land cover as an environmental variable has made remote sensing one of 
the most attractive tools for the production of thematic maps of the earth's surface. Therefore, 
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in order for remote sensing to succeed as a valuable source of land cover information, more 
reliable accuracy measures are needed (Foody, 2002). In addition, remotely sensed data may 
provide a cost - effective method to reduce, but not replace the expensive of ground data 
collection. The classification accuracy is one of the major research interests in the field of 
remote sensing (Zhang et al., 2008; Tang et al., 2005) by verification of ground points. Most 
of the Land cover refers to such ground surface conditions as, agricultural and grassland, 
forest, urbanization lands, and commercial and industrial land. Therefore, researchers have 
investigated many classification methods in an attempt to improve classification accuracy 
(Shih and Schowengerdt, 1983; Lee and Philpot, 1991; Jakomulska and Stawiecka, 2002; 
Bruzzone and Carlin, 2006; Berberoglu et al., 2007; Gamba et al., 2007; Tseng et al., 2008).  
Further overall classification accuracy improvement is still necessary, for fulfilling, the 
requirements of the users who need very high quality for land cover classification, such as 
national-level land resource survey. Accordingly, no image classification is complete until an 
assessment of accuracy has been performed. Therefore, it is too necessary to assess accuracy 
to quantitatively assessing classification accuracy if remote sensing derived land use or land 
cover maps and associated statistics are to be useful (Meyer and werth, 1990).  
Therefore, Reference data are generally assumed to be correct and are used to evaluate the 
results of the LC mapping. Many reference data are used to evaluate the results as; ground 
control data, Google map, aerial photographic (The photographic interpretation is assumed 
correct because it often has greater spatial resolution than the satellite imagery and because 
photogrammetry has become a time-honored skill that is accepted as accurate). If the 
reference data are inefficiently collected, then the project may suffer from unnecessarily high 
costs or an insufficient number of samples to proper evaluate the results. On the other hand, if 
the reference data are wrong, then the LC map will be unfairly judged. Furthermore, reference 
data are very critical, very expensive, and yet often overlooked component of any spatial 
analysis. However, photographic interpretation is subjective and can be significantly wrong. If 
the interpretation is wrong, then the results of the accuracy assessment could indicate that the 
satellite-based map is of poor accuracy when the reference data that are inappropriate (Ross 
and John, 2004). The most common way to create a robust accuracy assessment for any 
application of remote sensing is creating an error matrix or confusion matrix (congalton 1991 
and Foody, 2002). 
The producer's accuracy represents the probability that a reference sample will be correctly 
mapped and measures the errors of omission. In contrast, the user's accuracy indicates the 
probability that a sample from a land cover map actually matches the reference data and 
measures the error of commission. The two measures together are extremely useful as they 
give the commission and omission errors. 
5.10 Remote sensing application 
Drylands, arid and semi-arid lands It can be monitored easily by remote sensing because they 
are mostly cloud-free. Therefore, concentrating monitoring on drylands, arid and semi-arid 
because the environments of these lands are extended over one-third of the earth’s surface, 
encompassing more than 1 billion residents who are associated their livelihoods in this lands 
(UNC on Sustainable Development, 1995). Therefore, continuity of observations is required 
to account for the high year-to-year variability in these lands ecosystem conditions. 
Combining the use of satellite-based remote sensing or aerial photographs with ground-based 
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observations which can provide consistent, repeatable, cost-effective data on vegetation cover. 
Therefore, Access to affordable satellite imagery is critical, particularly in developing 
countries. 
The most accurate method for detection of land degradation is the direct measurement and 
observation at individual sites. This demands many observations, therefore, the area of 
mapping coverage must be a little large. Therefore, stratification is done and examination of 
representative sites is employed which lead to subjective and not rigorous selection (Pickup, 
1989). In most cases, such as a technique fail to produce detailed mapping outputs due to 
budget constraints, inaccessible areas, insufficient standardization, and repeatability (Hill et 
al., 1995a). In the rugged areas which are inaccessible terrain, practically the conventional 
survey is reasonable to do this task (Sujatha et al., 2000). However, In order to monitor the 
progress of LULC and land degradation, the use of remote sensing data with the ability to 
wide spatial coverage is an advantageous feature. On the contrary, the limitation of spectral 
variety and spatial resolution of remote sensing data often makes it difficult to discriminate 
the different appearance of land degradation. It is, needless to say, that remote sensing data it 
is a suitable way to apply and to analyze any types of LULC and land degradation. 
In the previous studies, applications of remote sensing data to LULC and land degradation 
have been performed to delineate the state of soil erosion, soil salinization, waterlogging, and 
foliage deterioration. The experimental sites of these examples spread over various parts of 
the world of which considerable percentages have handled cases in the semi-arid climatic 
conditions. The reason for this selection is supposed that the semi-arid area is fragile against 
the environmental change in terms of its vegetative activity and land could be degraded in 
association with vegetation coverage over the land. According to (Courel et al., 1984; Graetz 
et al., 1988; Tucker et al., 1991; Hellden, 1991; Hanan et al., 1991; Csaplovics, 1992; Lambin 
and Strahler, 1994; Gao et al., 2001; Wu et al., 2002; Wu, 2003a, b and 2004; Wu et al., 2005; 
lillesand et al., 2008 ) Remote sensing now is considering an important issue and plays a 
significant role in a wide range of environmental disciplines such as geography, geology, 
zoology, agriculture, forestry, botany, meteorology, oceanography and civil engineering. 
Since then launched of remote sensing in 1970s thanks to its advantages in providing 
dynamical, multi-temporal time series land cover information, which has been widely used 
and applied in the desert, arid and semi-arid and dry land research including assessment of 
LULC changes and land degradation. 
Natural disasters are inevitable and it is almost impossible to recoup the damage caused by the 
disasters (Samir, 2005). Nevertheless, it is possible to minimize the potential risk of 
developing disaster early-warning strategies, prepare and implement developmental plans to 
provide resilience to such disasters and to help in rehabilitation and the post-disaster 
programs. Space technology plays a crucial role in efficient mitigation and management of 
disasters. Remote sensing and GIS are evolving a suitable strategy for disaster management 
and occupational framework for their monitoring, assessment and mitigation identification of 
gap areas, which recommend appropriate strategies for disaster management using these 
technologies. Furthermore, geospatial technologies, including (GPS), satellite imagery, aerial 
photography and (GIS) hold great promise for improving the quality and quantity of 
information on LULC and degradation trends over large areas as well as provided more 
management that is effective. It is believed that dryland and arid and semi-arid land 
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degradation can be slowed and reversed if areas undergoing desertification can be identified 
and properly managed (ESA, 2005). 
An important aspect of remote sensing and GIS that it helps in archiving, analysis and 
visualization of remotely sensed data along with other collateral data (spatial as well as 
statistical). Remote sensing data along with GIS and GPS helps in LULC analysis as well as 
species level mapping (using higher spatial and spectral resolution data). 
5.11 Advantages of remote sensing 
There are specific advantages of satellite images for deriving information on ground features, 
some of which are dynamically changing, like LULC. Remote sensing offers possibilities for 
knowledge on environment and the natural resources, the trend of resource management 
interventions, dynamics of ecosystems, impacts of factors responsible for causing of LULC 
degradation. Since the cycle of repeated observations, remote sensing enables the setting up of 
systems for early warning for climate and other natural disasters. 
5.12 Remote sensing and vegetation analysis 
One of the influential tools in the study field of pasture and vegetation cover science is a 
remote sensing technology and satellite data. It is considered one of the most common 
applications of remote sensing is vegetation monitoring and assessment via vegetation 
indices, which combine reflectance measurements from the bands of sensing instruments 
(Pickup et al. 1993; Bannari et al. 1995; Purevdorj et al. 1998; Thiam and Eastman 2001). 
Vegetation cover has been widely recognized as one of the best indicators for determining 
land condition (Booth and Tueller 2003; Bastin and Ludwig 2006; Wallace et al. 2006; Jafari 
et al. 2007). Consequently, the land condition is often assessed and monitored according to 
vegetation cover and its variations in time and space. Therefore, often used as an indicator in 
remote sensing to determine the land condition and the most dynamic element of land use and 
land cover and degradation process. Furthermore, Vegetation of land is an important variable 
in many earth system processes and represents an important natural resource for humans 
because it provides a basic foundation for all living beings and other species, and quantifying 
the types and extent of vegetation is important to resource management and issues regarding 
land cover change (Townshend, 1992). Regarding remote sensing techniques, the generation 
of vegetation indices calculated from the combination of spectral bands prominent (Turner et 
al., 2003; Bonham, 2013; Alves et al., 2015).  
5.12.1 The analysis of vegetation 
The analysis of vegetation and detection of changes in vegetation pattern on spatial and 
temporal scales are keys to the natural resource assessment and monitoring. Thus, the 
detection and quantitative assessment of vegetation are one of the major applications of 
remote sensing for environmental resource management and decision-making. 
5.12.2 Characteristics of vegetation and reflectance 
Remote Sensing and GIS techniques functions were used to monitor interactions and 
relationships between LULC changes in the regional area and employed for monitoring and 
mapping condition of ecosystems in any part of the earth. 
Vegetation cover is the one of most important biophysical indicator to observe the status of 
land features and land degradation. The characteristics of vegetation can be estimated using 
vegetation indices derived from satellite images to allow to delineate the distribution of 
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vegetation and land cover features based on the characteristic reflectance patterns of green 
vegetation. The increasing availability of remotely sensed images due to the rapid 
advancement of remote sensing technology expands the horizon of our choices of imagery 
sources. Consequently, mapping vegetation through remotely sensed images involves various 
considerations, processes, and techniques (Xie et al., 2008). Analysing vegetation using 
remotely sensed data requires knowledge of the structure and function of vegetation and its 
reflectance properties. This knowledge enables you to link vegetative structures and their 
condition to their reflectance behavior in an ecological system of interest. Vegetation 
reflectance properties are used to derive Vegetation Indices (VIs). The VIs are used to analyze 
various ecologies. The VIs reflectance depends on the chlorophyll pigment, which strongly 
absorbs radiation in the red and blue wavelengths but reflects green wavelengths. VIs are 
constructed from reflectance measurements in two or more wavelengths to analyze specific 
characteristics of vegetation, such as total leaf area and water content. The internal structure 
of healthy leaves acts as excellent diffuse reflectors of near-infrared wavelengths. VIs are 
based on the observation that different surfaces reflect different types of light of 
electromagnetic energy. Moreover, dense vegetation shows up very strongly in the imagery, 
while the areas with a little or no vegetation are also clear identified. 
A VIs is a simple measure of some vegetation property calculated from reflected solar 
radiation measurements made across the optical spectrum. The solar-reflected optical 
spectrum spans a wavelength range of 400 nm to 3000 nm. Of this range, the 400 nm to 2500 
nm region is routinely measured using a variety of optical sensors ranging from multispectral 
(e.g. Landsat TM) to hyper-spectral (e.g. AVIRIS). Vegetation interacts with solar radiation. 
The absorption and reflection of solar radiation are the results of many interactions with 
different plant materials, which varies considerably by wavelength (figure 5.6). Water, 
pigments, nutrients, and carbon are each expressed in the reflected optical spectrum from 400 
nm to 2500 nm, with often overlapping, but spectrally distinct, reflectance behaviors. These 
known signatures allow scientists to combine reflectance measurements at different 
wavelengths to enhance specific vegetation characteristics by defining (VIs). In fact, 
measuring and monitoring the near-IR (NIR) reflectance is one way that scientists can 
determine how healthy (or unhealthy) vegetation may be. Vegetation could be differentiated 
using NIR sensors, e.g. deciduous trees have a higher reflectance than the coniferous in NIR. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5.6: Spectral signatures of soil, vegetation, and water.  
Source: Siegmund and Menz, 2005. 
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5.13 Indices of vegetation and soil  
Concerning to extraction of vegetation from remote sensing imagery is the wide process of 
extracting vegetation information by using many steps beginning from interpreting satellite 
images based on the interpretation elements such as the image color, texture, tone, pattern and 
association information, etc. However, several studies based on satellite remote sensing have 
been developed for identifying LULC changes over large areas. These studies generally rely 
on prior classifications, either as supervised or unsupervised depending on whether or not true 
ground data as references based on various indices derived from the original spectral bands 
(Beeri et al., 2007).  
VIs are quantitative measurements indicating the vigor of vegetation and are developed to 
enhance the sensitivity of individual spectral bands in the detection of biomass. They serve 
many different purposes in remote sensing; they can be used for classification (identifying 
various land cover regions and separating vegetation from open soil etc.) as well as for land 
use changes, vegetation density, crop discrimination and prediction, among others. 
Furthermore, VIs are often regarded as an effective method to enhance the difference among 
spectral features and suppress topographically and shade effects. Therefore, the difference or 
ratio of vegetation indices between two dates has the potential to detect land-cover change 
more effectively (Lu et al., 2005). Vegetation indices are a mathematic combination of 
various bands (Jensen, 1983). The Higher spectral resolution, which is typical for 
hyperspectral data, can be used for measurements of biophysical variables: chlorophyll and 
different pigment content, vegetation fresh or dry biomass, water content, the internal 
structure of leaves, soil moisture and plant surface temperature. 
VIs are now indispensable tools in land cover classification, climate and land use change 
detection, drought monitoring, and habitat loss, to name just a few applications. Numerous 
studies have shown that satellite-derived VIs are optical measures of canopy "greenness", a 
composite property of leaf chlorophyll content, leaf area, canopy cover, and structure. 
However, VIs have also been employed as proxies for individual, and often land-cover-
dependent, vegetation parameters such as fractional vegetation cover (VC), Leaf Area Index 
(LAI), roughness lengths for turbulent transfer, albedo, emissivity and other biophysical 
properties of the landscape (Glenn et al., 2008). Moreover, vegetation indices (VIs) are a 
commonly used technique in satellite-based environmental monitoring in regional to global 
scales. Global (VI) products history, are nearly three decades, are considered one of the key 
parameters in various fields of studies such as global climate change and drought monitoring 
(Brown et al., 2008), crop yield prediction (Li et al., 2007), and expected to be produced 
continuously from future satellite missions (NRC 2000a and b). Naturally, healthy green 
vegetation reflects very little solar energy in the visible wavelengths (0.4 - 0.7µm), with a 
sharp increase in reflectance in the near infrared wavelength region (0.7-1.1µm). This unique 
spectral property is used in various indexes ranging in complexity from applying correlation 
coefficients to brightness values of a near infrared band to multi-band rationing combined 
with complex algorithms (Jensen 2000). Nowadays, a study on temporal and special changes 
of vegetation cover is known as a new technique to study changes in vegetation cover by 
using remote sensing satellite images, is a popular method to study land resources (Camacho 
et al., 2004). 
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VIs are spectral transformations of multi-band reflectance. They are widely used in remote 
sensing practice to obtain information about surface characteristics from multispectral 
measurements, taking advantage of differences in the reflectance patterns between the green 
vegetation and other surfaces. Through the years, a great number of vegetation indices have 
been proposed, ranging from very simple to very complex band combinations (Perry and 
Lautenschlager, 1984; Bannari et al. 1995). Furthermore, (VI) are a dimensionless, radiation 
based on measurement of computed from some spectral combination of remotely sensed data, 
and the mathematical transformations, usually ratios or linear combinations of reflectance 
measurements in different spectral bands, especially the visible and near-infrared bands 
(Asner et al. 2003).  
Officially, including the red (R) and near infrared (NIR) bands, to extract and enhance the 
signal contribution from the amount of green vegetation. Since an observed mixture 
reflectance of signals from various objects, the reflectance from the non-vegetated surface are 
not negligible. Especially, the signal contribution from canopy and soil background is known 
to be one of the major sources of variations in vegetation indices values. Furthermore, (VIs) 
are generated as combining bands of satellite-derived data, which are based on the fact that 
healthy plants reflect less in the visible red (R) light, and more in the near infrared (NIR) 
when compared with the non-vegetated surfaces (Bannari et al., 1995; Karnieli et al., 2001).  
However, the most commonly used index is the Normalized Difference Vegetation Index 
(NDVI), which successfully indicates vulnerable areas and assesses changes in a qualitative 
way (Bolle, 1994; Justice et al., 1985). The NDVI is more suitable to identifying the inter-
annual changes of vegetation cover in arid, semi-arid, and dry regions, which reflect the 
fluctuations of rainfall, rather than degradation regions (Tucker et al., 1991; Nicholson et al., 
1998; Williams, 2001). Which is due to the effects of soil background color on the NDVI, 
especially in arid and semi-arid environment regions where there is less than 30% of plant 
cover (Pech et al., 1986; Major et al., 1990). To minimize the variability of vegetation due to 
external factors such as underlying soil properties, remote sensing data have been transformed 
and combined into various vegetation indices. Spectral vegetation indices are usually 
calculated as a combination of near infrared and red reflectance. These broadband vegetation 
indices have shown to be well correlated with canopy parameters related to chlorophyll and 
biomass abundance such as green leaf area index, RVI, NDVI, TNDVI and so on, which are 
absorbed photosynthetically active radiation. Many VIs were generated to reduce the soil 
background effect, such as the soil-adjusted vegetation index (SAVI) by Huete (1988), 
weighted difference vegetation index (WDVI) by Clevers (1989), and MSAVI, which 
modified version of SAVI (Qi et al., 1994). Both SAVI and MSAVI uses the soil adjustment 
factors, thus, they are not functionally equivalent to NDVI and contain different information 
on vegetation characteristics (Baret et al., 1989). However, numerous studies have been 
conducted to minimize canopy and soil background influences on VI values Gilabert (2002).  
A systematic investigation and theoretical formulation on the impact of canopy and soil 
background has yet to be investigated and would be a critical and meaningful contribution to 
the operational monitoring of terrestrial vegetation with satellite (VI) time series (Heute et al., 
1985; Galvao and Vitorello.,1998 and Stabile (2009). The objectives of these indices were 
used to delineate the characteristics vegetation in terms of various VIs, e.g. (NDVI, TNDVI, 
SAVI, MSAVI, RVI, and SARVI) in order to describe their ability to discriminate vegetation 
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cover and biomass. Normally, the application of the vegetation indices as grouped based on 
their features: The first set are (NDVI and TNDVI) includes the vegetation indices that 
directly give the spectral response of chlorophyll by using the ratio between red and NIR 
bands. The second set are (SAVI, MSAVI) using to remove the soil noise by changing the 
slope value of red and NIR bands. The third set are (ARVI, SARVI) using to reduce aerosol 
atmosphere and soil noises by including the blue band. Table 5.4 explains numerous of 
vegetation indices. 
Classifying of vegetation, using remote sensing, is valuable because it is easy to determine 
vegetation distribution and occurrence and how some factors such as; moisture, latitude, 
elevation above sea level, length of the growing season, solar radiation, temperature regimes, 
soil type and drainage conditions, topographic aspect and slope, prevailing winds, salt spray 
and air pollutants influence it. By using these indices, remote sensing can also be able used to 
detect and prevent the spread of damaged and stressed plants. 
Table 5.4: Some of vegetation and soil indices       
 
 
 
 
 
 
 
 
5.13.1 Normalized difference vegetation index (NDVI) 
The NDVI is an index of plant “greenness” or photosynthetic activity and is one of the most 
commonly used vegetation indices. However, photosynthetically active vegetation, in 
particular, absorbs most of the red light that hits it, while reflects much of the near infrared 
light. Vegetation that is dead or stressed reflects more red lights and less near infrared light. 
Likewise, non-vegetated surfaces have a much more even reflectance across the light 
spectrum. The (NDVI) is a measure of the amount and vigor of vegetation on the land surface 
and spatial composite images are developed to more easily to distinguish green vegetation 
from bare soils. The NDVI is used for evaluating the green vegetation, which is a good 
technique for biomass quantitative assessment, and monitoring for change detection in 
agricultural vegetation pattern (Todd et al, 1998). On the other hand, the (NDVI) is an 
important index that indicates the probability that the observed area contains vegetation.  The 
NDVI is widely used because it is the most index used in global vegetation studies (Lunetta 
and Elvidge, 1999) and demonstrated to be an effective index to quantify the concentrations 
of green leaf vegetation (Jensen, 2000) and to identify where plants are thriving and where 
they are under stress (i.e., due to lack of water) (John and David, 1999). 
Indices   Indices names 
RVI Ratio Vegetation Index 
NDVI Normalized Difference Vegetation Index 
TNDVI Transformed NDVI 
NRVI Normalized Ratio Vegetation Index 
TVI Transformed Vegetation Index 
CTVI Corrected Transformed Vegetation Index 
TTVI Thiam's Transformed Vegetation Index 
PVI Perpendicular Vegetation Index 
DVI Difference Vegetation Index 
AVI Ashburn Vegetation Index 
SAVI Soil-Adjusted Vegetation Index 
TSAVI Transformed Soil-Adjusted Vegetation Index 
MSAVI Modified Soil-Adjusted Vegetation Index 
WDVI Weighted Difference Vegetation Index 
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The remote sensing data is used extensively for large area vegetation monitoring. Typically, 
the spectral bands used for this purpose are visible and near IR bands. Various mathematical 
combinations of these bands have been used for the computation of NDVI, which is an 
indicator of the presence and condition of green vegetation. These mathematical quantities are 
referred to as vegetation indices. There are three such indices, simple vegetation index (VI), 
rational vegetation index (RVI), and normalized differential vegetation index (NDVI).These 
indices are computed from the equations by (Rwddy, 2008). 
                                                          VI     =   NIR - RED  
                                                           RVI =   RED/NIR 
Officially, NDVI is calculated from the amount of light that the observed area reflects in the 
near-infrared and red regions of the light spectrum from satellite imagery whereby the 
satellite’s spectrometer or radiometric sensor measures and stores reflectance values for both 
red and NIR bands on two separate channels or images. Kriegler, et al. (1969) was the first to 
propose NDVI and it is calculated by subtracting the red channel from the near infrared (NIR) 
channel and dividing their difference by the sum of the two channels (Gibson et al. 2008), as:   
NDVI= (NIR - RED) / (NIR + RED) 
Where: RED = the red portion of the electromagnetic spectrum (0.6-0.7 µm) and  
NIR = the near-infrared portion of the electromagnetic spectrum (0.75-1.5 µm). 
In general, NDVI values range from -1.0 to 1.0, with negative values indicating clouds and 
water, while the positive values near zero indicating bare soil, and higher positive values of 
NDVI ranging from sparse vegetation (0.1 - 0.5) to dense green vegetation (0.6 and above). 
As an application, NDVI has been indirectly used to estimate the cumulative effective of 
rainfall on vegetation over a certain time, rangeland carrying capacity, crop yields for 
different crop types, and the quality of the environment as a habitat for various animals, pests, 
and diseases. It separates green vegetation from its background soil brightness and retains the 
ability to minimize topographic effects while producing a measurement scale ranging from -1 
to +1, with NDVI values of 0 representing no vegetation (Gibson et al. 2008). The NDVI is 
sensitive to the presence of vegetation since green vegetation usually decreases the signal in 
the red due to chlorophyll absorption and increases the signal in the NIR wavelength due to 
light scattering by leaves. 
The sensitivity of the (NDVI) to soil background and atmospheric effects has generated an 
increasing interest in the development of new indices, such as atmospherically resistant 
vegetation index (ARVI), global environment monitoring index (GEMI), the soil-adjusted 
vegetation index (SAVI), transformed soil-adjusted vegetation index (TSAVI), modified soil-
adjusted vegetation index (MSAVI), which are less sensitive to these external influences. 
These indices are theoretically more reliable than NDVI, although they are not yet widely 
used with satellite data. In addition, bright soils have been shown to reduce values in 
vegetation indices such as NDVI (Heute et al., 1985). Therefore, Escadafal and Bacha (1996) 
developed a new brightness index (BI) well suited to arid areas where dominant vegetation 
types such as shrubs are often photosynthetically inactive, and where the vegetation cover 
affects only the brightness index (BI). A decrease in brightness index can be due to the 
wetting of the soil surface either after rainfall, which increase the plant cover, or to soil 
roughness, or to the degraded soil (Escadafal and Bacha, 1996). Simple ground information 
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and knowledge on land surface processes are necessary to interpret the BI in ecological terms 
(Escadafal and Bacha, 1996). 
5.13.2 Soil-adjusted vegetation index (SAVI) 
The (SAVI) is one of the vegetation indices, which is a ratio based on vegetation index that 
take into account soil background influences and tends to reduce this influenced by assuming 
that soil spectra follow the same soil line. The (SAVI) takes into account the soil effect on 
vegetation reflectance, especially at low vegetation levels (Huete 1988, Qi et al. 1994) with 
assuming a linear relationship between near infrared and the visible reflectance from bare soil.  
The index introduced by Huete (1988) with the aim of minimizing the effects of soil 
background on the quantification of greenness, by incorporating, using a combining soil 
adjustment factor (L) in the basic NDVI equation (Spencer and Spry, 1996). The (L) factor is 
determined by the relative percentage of vegetation and whether the soil is dark or light (L=0) 
for very high vegetation cover, (L=1) for very low vegetation cover. A value of L= 0.5 used 
as recommended since it permit the best adjustment for intermediate cover, by minimizing the 
secondary backscattering of the canopy transmitted soil background-reflected radiation) 
(Gibson et al. 2008). In principle, the term L can vary from 0 to 1 depending on the amount of 
visible soil and the quantity of vegetation. However, 0.5 works as a reasonable approximation 
for L when the amount of soil in the scene is unknown. It is used as an exponent assigned to 
the red- band value in the denominator and is also used as a multiplier (L+1), as a separated 
position in the equation. Furthermore, it provides better results than NDVI at low vegetation 
cover because it was developed to eliminate the soil background effect. Eastman (2003) 
suggests that the best L value to select is where the difference between SAVI values for dark 
and light soil is minimal. For L = 0, SAVI equals NDVI. For L = 1, SAVI approximates PVI. 
However, this index used the basic NDVI form and resembles it but with some added terms to 
adjust for the different brightness of soil background.  The SAVI is calculated as: 
                                                                        
 
 
Whereas: 
NIR = Reflectance in near infrared band. R = Reflectance in the red band. L= 0.5. 
 
5.13.3 Modified soil-adjusted vegetation index (MSAVI) 
The (MSAVI) is soil adjusted vegetation index that seeks to address some of the limitation of 
NDVI when applied to areas with a high degree of exposed soil surface. However, the 
problem with the original soil-adjusted vegetation index (SAVI) is that it required specifying 
the soil brightness correction factor (L) through trial-and-error based on the amount of 
vegetation in the area of study. This lead to the majority of users just using the default L value 
of 0.5, but it also created a circular logic problem of needing to know what the vegetation 
amount and cover were before applying the SAVI, which was supposed to offer information 
on how much vegetation there was. MSAVI was developed by (Qi et al., 1994a), and later the 
MSAVI2 (Qi et al. 1994b) to more reliably and simply calculate a soil brightness correction 
factor. The formula for calculating MSAVI itself is the same as the formula for calculating 
SAVI: 
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Where RED is the red band, NIR is the near infrared band and L is the soil brightness correction 
factor. The difference between SAVI and MSAVI however, comes in how L is calculated. In the SAVI, 
L factor is estimated based on how much vegetation there is (but it is generally left alone at a 
compromise of 0.5) and the range between -1 to +1. MSAVI uses the following formula to calculate L: 
 
 
Where s is the slope of the soil line from a plot of red versus near-infrared brightness values. 
5.13.4 Grain size index (GSI) 
Grain size distribution of topsoil is an indicator to soil properties and structure; it is used to 
monitor land degradation using remote sensing. The texture of soil surfaces controls many 
important ecological, soil, and geomorphic processes in arid and semiarid soils, including 
infiltration, physical crusting, pavement formation, and erosion by wind and water (Okin and 
Painter, 2004). The (GSI) it is an attempts to detect topsoil grain size through the ground of 
soil spectral measurement. Grain size index of topsoil characterizes the soil texture and other 
physical properties. The condition of topsoil grain size is a visible symbol of land 
degradation. Thereby, the change in topsoil grain size can be potentially used to monitor 
degradation in the area using remote sensing. This index is based on the relationship between 
grain size distribution and the spectral reflection properties of the soils in the visible region of 
the electromagnetic spectrum, and it computes the ratio of three bands R, B, and G (Xiao et 
al., 2006). However, the reflection increases with increasing fine sand content in the soil. The 
reflectance difference between the red and blue spectral indicate vegetation or water surfaces 
Xiao et al. (2006). 
GSI indicates the coarsening of topsoil grain size which has a positive correlation with fine 
sand content (the class of sand is dominated by the finer sizes of the sand particle, and 
somewhat less coarse than either sand or coarse sand) of surface soil texture, as a 
manifestation of undergoing degradation. There were very few studies concerned about soil 
degradation mapping by topsoil grain size in arid and semiarid area, even recently, there is not 
one-grain size distribution map or a degradation map base on the topsoil grain size. 
Nevertheless, Zhao et al. (2005) mentioned that the sand content of severely eroded cropland 
is higher (differentiated) than that of the contrasting cropland. Xiao et al, (2006), proposed the 
topsoil grain size index (GSI) to overcome this problem. The index, which is associated with 
the mechanical composition of topsoil, based on the field survey, grain size distribution and 
reflectance data of topsoil samples. He found that the reflectance data changing with the 
change of grain size distribution, especially fine sand content and clay +silt content. The high 
GSI value means the rich area by fine sand. Accordingly fine sand content distribution map 
was produced.                            
                                                       GSI=(R-B)*(R+B+G) 
Where: R, G and B= red, green, and blue visible bands of the remote sensing data. GSI value is close 
to 0 in the vegetated area, and for a water body, it is a negative value. Fine sand = 0.0075- 0.0425um. 
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Consequently, coarsening of topsoil is a visibly observed sign of land degradation; therefore, 
the grain size composition of topsoil can potentially be used as an indicator of land 
degradation in arid and semiarid areas. Therefore, it is possible to monitor degradation by 
topsoil grain change in arid and semi-arid areas using remote sensing technique. 
5.14 Change detection  
Changes of land surfaces are constantly happening caused either by human-induced 
intervention or by natural disturbances. These changes occur at a variety of spatial and 
temporal scales around the world and are increasingly monitored through change detection 
maps based on remote-sensing methods. Changes in LULC can be categorized into two types; 
modification and conversion. The modification is a change of condition within a cover type; 
while, conversion is a change from one cover type to another, such as; deforestation to create 
cropland, pasture and others benefits of land use (Kidan, 2009). The detection of ground 
changes using multi-temporal remotely sensed images is complicated by uncertainties in the 
measured phenomenon, limitations in the ability of the imaging sensors to document 
(measure) the ground changes and the noise inherent in the imaging process. The specific 
characteristics of remotely sensed images including sensor characteristics (radar or optical), 
resolution (spatial, spectral and radiometric), noise, and types of distortions need to be 
carefully considered by the selected change detection algorithm (Yousif, 2015).  
The study of caps Earth essentially important, in light of the changes that happen to land 
cover, particularly the expansion of urban areas at the expense of agricultural land, 
agricultural use is for regular land, and environmental pollution resulting from the patterns of 
misuse is an effective way. Therefore, the use of remote sensing study what caused land cover 
changes, as well as in the calculation of surface areas of natural resources. They also give us 
the benefit of recent data by planners and decision makers to address new problems or 
improve the current situation to patterns of land use and upgrade. 
Change detection it compares and contrast the two images with symmetrical positions, and 
use the image-handling technique to analyze the reformed area. Change detection is the 
process of identifying differences in the state of an object or phenomenon by observing it at 
different times (Singh, 1989; Tan et al., 2016). It is a technique used in remote sensing to 
determine the changes in a particular object of study between two or more time periods and 
highlight changes that exceed a user-specified threshold. It is an important process for 
monitoring and managing natural resources and urban development because it provides 
quantitative analysis of the spatial distribution in the area of interest (Tardie et al., 2004). 
Furthermore, change detection is the process of automatically identifying and analyzing 
regions that have undergone spatial or spectral changes from multitemporal images. Different 
features usually show different characteristics in remote sensing images, which enable 
interpreting features from images. The image characteristics useful in image interpretation 
include shape, size, color, tone, shadow, location, and texture. These characteristics make the 
keys for image interpretation (Qian et al., 2007; Coppin et al., 2004; Lu et al., 2004). 
Consequently, LULC changes are among the most persistent and important sources of recent 
alterations of the Earth’s land surface (Houet et al. 2010). The (LULC) changes could happen 
due to a large number of factors like, deforestation, flooding, soil erosion, unplanned urban 
and agricultural extension etc. (Muttitanon and Tripathi 2005). However, change detection is 
useful in such diverse applications as land-use analysis, habitat fragmentation, urban, and 
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assessment of deforestation as well as other environmental changes (Ramachandra and 
Kumar, 2004). Change can be range from short term of phenomena such vegetation cover, 
snow cover or any kind of flooding to long term such urban fringe development, degradation 
or desertification. However, long-term changes are the task of the present study related mainly 
to the extension of degradation and reduction in agricultural features or change of other land 
cover types are of interest in generally. 
A variety of digital change detection techniques has been developed in the past three decades. 
Basically, the different algorithms can be grouped into the following categories; algebra 
(differencing, rationing, and regression), change vector analysis, transformation (principal 
component analysis, multivariate alteration detection, Chi-square transformation), advanced 
models, (GIS), classifications (post-classification comparison, unsupervised change detection, 
expectation-maximization algorithm) and hybrid methods (Singh, 1989; Lunetta and Elvidge 
1998; Maas, 1999; Lu et al., 2004; Coppin et al., 2004; Jensen 2005; Verbessel et al., 2010; 
Wang and Xu., 2010; Yu et al., 2011,). However, the most frequently used change detection 
algorithms fall into the first three categories and are image differencing, principal components 
analysis, and post-classification comparison, respectively. However, more recent techniques 
that use the integration of remote-sensing methods and geoinformation services or combine 
pixel-based and object-based change analysis (Raši et al. 2011; Aguirre et al., 2012). Landsat 
due to its long history since 1972 is the only means to study the land use/land cover changes. 
There are bundles of techniques/ methods, like a visual interpretation of digital images, 
unsupervised clustering and supervised classification that can be used to get information 
about the land feature from satellite images (Vrieling, 2006). According to (Liberti et al., 
2009) the choice of the technique to be implemented should take into account different 
factors, such as data availability, cost and the required and attainable detail for the study in 
hand. Comprehensive summaries of methods of digital change detection are documented and 
have been developed over the last two decades (Howarth and Wickware 1981, Nelson 1983, 
Singh 1989, Jensen 1996, Gong and Xu 2003). These include mainly composite analysis, 
image differencing, principal component analysis, change vector analysis and spectral 
analysis methods. Most of the approaches are frequently used for monitoring vegetation 
canopies (Coppin et al. 2004). For example, extraction of detailed from-to change information 
using post-classification comparison algorithm, spatial-contextual, change detection and 
object-based change detection (Alphan et al., 2008; Moser and Serpico, 2009; Qin et al., 
2013; Yousif and Ban, 2014). 
Temporal analysis of satellite imagery facilitates the effective analysis of change trajectories 
linked to dynamics of change processes (Brown et al., 2000; Garedew et al., 2009; Tsegayea 
et al., 2010). Houet et al. (2010) stated that the goal of temporal series is not limited to 
analyzing historical land use/cover trends but to simulate the future temporal evolution of the 
landscape. Temporal analysis can also be used to interpolate land use/cover distributions 
between observed dates (Hepinstall et al., 2008; Houet et al., 2010). The most commonly 
used change detection techniques include post classification, vector change analysis; image 
differencing, image rationing, image regression, principal components analysis (PCA), and 
change vector analysis (Mas, 1999; Civco et al., 2002; Lu et al., 2004; Verbesselt et al., 2010; 
Wang and Xu., 2010; Yu et al., 2011) provide a comprehensive review of these algorithms. 
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Recently, there are many change detection techniques have been developed and their uses 
depend in the application and due to the importance of detecting changes in many fields, new 
techniques are being developed constantly. As part of this study, the methodology of the 
following multispectral change detection techniques is described: Image differencing, 
conventional principal component analysis (PCA), change vector analysis (CVA), Post 
classification comparison and multivariate alteration detection (MAD). The Post-classification 
comparison change detection is to classify the rectified images separately from two periods, 
giving appropriate marks to different particles on the surface of the ground. Then, compare 
and analyze the classified images from the two periods to figure out the change-detecting 
matrix, and finally construct the change map.  
5.15 Image differencing 
Image differencing is used widely because of its simplicity to interpret. It is consists of 
subtracted the image bands of the first image data from the second image data that has been 
precisely registered to the first with "perfect" data to prepare a temporal difference image. 
Which is pixel by pixel to produce results in a data set in which positive and negative values 
represent areas of change and zero values represent no change (Cohen et al, 1998). The 
difference in the areas of no change will be very small, and areas of change will reveal larger 
positive or negative values (Lillesand et al., 2008). The image differencing method results in a 
residual image, which represents the change resulting from subtraction of differently dated 
images. Pixels of small radiance change are distributed around the meanwhile pixels of large 
radiance change are distributed in the tails of the distribution (Singh, 1986; Bruzzone, 2007; 
Nutini et al., 2013; Zhu and Woodcock, 2014; Franklin et al., 2015; Peng and Zhang, 2016). 
Image differencing can be carried on a single band or multiple bands. One of the 
disadvantages of this change detection technique it cannot provide a detailed change matrix, 
thus, it requires a selection of a suitable threshold in order to produce a change/no-change 
binary map. Furthermore, Indicator differencing between two different dates, Threshold to 
acquire the changed areas and produce the general change maps which contain three classes: 
positive change, negative change, and no change. In the differenced image, spectral changes 
are highlighted as relatively high positive or negative values. Unchanged pixels are associated 
with values close to zero, and therefore, image differencing does not allow the differentiation 
of the classes that are unchanged between the two dates. The visual comparison to identify the 
types of land cover change (e.g., vegetation increased or decreased, land degradation or 
reforestation) and creates detailed land cover change maps based on the previous general 
change map. Classic digital change detection techniques using remotely sensed data are based 
on the comparison of sequential data taken from the same area and on the display of the 
changes and their locations. The comparison of land-cover classifications for different dates 
does not allow the detection of subtle changes within a land-cover class. In addition, the 
change map product of two classifications exhibits accuracies similar to the product of 
multiplying the accuracies of each individual classification (Stow et al., 1980; Jensen 2005). 
Interpreting the difference image can be difficult because different input values can have the 
same result after subtraction and the original pixel value information is not retained (Singh, 
1989; Cohen and Fiorella, 1998).  
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5.16 Change vector analysis (CVA) 
Change vector analysis it considered the first attempting of change detection algorithm that 
took account of spatial scene characteristics was developed at the Environmental Research 
Institute of Michigan in the late seventies and is further identified as change vector analysis 
(CVA). It consolidates a tasseled cap transformation to greenness - brightness, image 
segmentation to spatially contiguous pixel groups and a characterization of the movement of 
the individual segments in spectral space in terms of magnitude and direction (Malila, 1980). 
The technique of Change Vector analysis (CVA) has been vastly used in the past decade for 
change detection in various studies such as (Bovolo and Bruzzone, 2007; Malila, 1980; Xian 
et al., 2009 and Azzouzi et al., 2015. 
Furthermore, CVA is a multivariate change detection technique that processes the full spectral 
and temporal dimensionality of the image data and produces two outputs: change magnitude 
and change direction (figure 5.8). However, Change vector analysis (CVA) is one of the most 
useful radiometric techniques for change detection and robust technique for detecting and 
characterizing radiometric change in multispectral remote sensing data sets. Moreover, it is 
reviewed as a useful technique to: process the full dimensionality of multispectral and 
multitemporal data to ensure detection of all change present in the data; extract and exploit the 
components of change in multispectral data; and facilitate composition and analysis of change 
images. These differences may be caused by several phenomena that include human activity 
and natural causes (Nori et al., 2009; Bashir, 2012). However, the method is a promising tool 
for determining changed category when deciding how to reasonably determine thresholds of 
change magnitude and direction (Zhu et al., 2010). The magnitude of vectors was calculated 
from the Euclidean distance, between differences in positions of the same pixel from different 
data takes within the space. Which is generated by the axes greenness and brightness, as 
follows: 
 
 
Where:  R = Euclidean Distance 
Ya = DN values of Greenness from date 2, yb = DN values of Greenness from date 1 
xa = DN values of Brightness from date 1, xb = DN values of Brightness from date 2. 
Change direction is measured as the angle of the change vector from a pixel measurement at 
time 1 to the corresponding pixel measurement at time 2 (Lorena et al., 2002). 
 
 
 
 
 
Fig. 5.8: The magnitude and the direction of change between the two (spectral) input images for each date 
5.17 Tasseled cap 
The Tasseled Cap Transformation is a conversion of the original bands of an image into a new 
set of bands with defined interpretations that are useful for vegetation mapping. A tasseled-
cap transform is performed by taking “linear combinations” of the original image bands - 
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similar in concept to principal components analysis (Crist and Cicone 1984). Tasseled cap 
converts the highly correlated spectral bands in new corresponding bands arranged almost 
orthogonally. Most of the data variance is concentrated in the first three bands while the noise 
and atmospheric effects are concentrated in the last three bands (Kauth and Thomas 1976, 
Crist and Cicone 1984). The analysis of the image obtained shows that this can be used on the 
large area to differentiation of land use. On the other hand, the concept of tasseled cap 
transformation is a useful tool for compressing spectral data into a few bands associated with 
physical scene characteristics. Originally constructed for understanding important phenomena 
of crop development in spectral space (Kauth and Thomas 1976), the transformation has 
potential applications in revealing key forest attributes including species, age, and structure 
(Cohen et al. 1995; Huang et al. 2002). 
The Tasseled Cap transformation is a global vegetation index. Theoretically, it may be used 
anywhere in the world to disaggregate the amount of soil brightness, vegetation, and moisture 
content in individual pixels in a Landsat MSS or TM image, As described by Huang et al. 
(2002), the tasseled cap coefficients is directly applicable for Landsat mss, Landsat 5 TM and 
Landsat 7 ETM+ data using for further transformation. Furthermore, this technique is similar 
to the principal components analysis and supposes the reduction of the data dimension 
requisite for interpretation of satellite registering. 
5.18 Multivariate alteration detection (MAD) 
Many important methods of an aspect of the analysis of digital satellite imagery are available 
to carry out the detection of change over time (Coppin et al., 2004). One of such methods is a 
multivariate alteration detection (MAD or iMAD) algorithm (Nielsen et al., 1998, Nielsen, 
2007, Canty, 2010) used for unsupervised change detection in multi and hyperspectral remote 
sensing imagery as similar to principal component analysis. The (MAD) method is based on a 
classical statistical transformation is being used based on the established technique of 
canonical correlation analysis (CCA) to enhance the change information in the difference 
images. It also proposes postprocessing of the change detected by the MAD variates by means 
of maximum autocorrelation factor (MAF) analysis. The MAF transformation can be 
considered as a spatial extension of principal components (PC) analysis in which the new 
variates maximize autocorrelation between neighboring pixels rather than variance (as with 
PCs). 
The MAD and the combined MAF/MAD transformations are invariant to linear scaling. As 
opposed to most other multivariate change detection schemes, The MAD, and the combined 
MAF/MAD transformations are invariant to affine transformations of the originally measured 
variables. Canonical correlations analysis investigates the relationship between two groups of 
variables. It finds two sets of linear combinations of the original variables, one for each group. 
The first two linear combinations are the ones with the largest correlation. This correlation is 
called the first canonical correlation, and the two linear combinations are called the first 
canonical variates. The second two linear combinations are the ones with the largest 
correlation subject to the condition that they are orthogonal to the first canonical variates. This 
correlation is called the second canonical correlation, and the two linear combinations are 
called the second canonical variates. Higher-order canonical correlations and canonical 
variates are defined similarly. Each variate contains significant information about the spatial 
patterns of changes at a particular scale. Small-scale spatial changes are likely to represent 
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changes due to human activity while larger-scale changes can be caused by climate variability 
or events such as fire (Canty, 2010). Because corresponding pairs of canonical variates are 
linear combinations of the original variables ordered by correlation or similarity between 
pairs, it seems natural to base a change detection scheme on differences between these pairs 
of variates (Nielsen et al. 1998). MAD’s ability to identify and split land-cover changes 
according to their spatial scales makes it attractive for researchers interested in locating land-
cover changes and attributing them to various stressors and help to separate the detected 
changes based on spatial and temporal scales (Alaibakhsh et al., 2015). Furthermore, the 
iteratively reweighted multivariate alteration detection (MAD) (IR-MAD) is an iterative 
version of the MAD algorithm. So called the IR-MAD was proposed in Nielsen, (2007). In 
the post processing of work using the fact that the no-change components of the so-called 
MAD variates, which are basically the difference images of the canonical components of the 
multi-temporal images, can be modelled as normal distributions and that the sum of squares of 
the normalized MAD variates will follow a chi-square distribution with K degrees of freedom 
corresponding to K bands in the images.  
However, some applications of MAD by many researchers has been successfully applied in 
different studies in order to detect the change in different areas. For example, (Liao et al., 
2000) used this method successfully in detecting land cover changes caused by the flood from 
multi-temporal NOAA AVHRR imageries. (Nielsen, 2007) used MAD with maximum 
autocorrelation factor, MAF applied to a multi- and hypervariable data such as TM, SPOT in 
two different areas of the agricultural region in Kenya and the small rural area in southern 
Germany. The study found that in TM the original MAD showing very clearly no change 
where on the change in occurred. For the SPOT HRV data, the autocorrelation for the last 
change component is improved drastically in the IR-MAD scheme with much less change, 
between the MAD and IR-MAD schemes for the first two components. Finally mentioned that 
do obtain a better background of no change against which to detect change. (Bashir, 2013) 
applied IR-MAD performing by a cross matrix for the satellite images in detecting the impact 
of land use change on the livelihood of rural communities, south Darfour state, Sudan using 
Landsat MSS, TM, ETM and ASTER imageries. The study revealed that the MAF/IR-MAD 
provides a good unsupervised change detection method for satellite imagery in terms of 
visualizing the changes that have occurred over time. (Nori et al., 2008 and Nori, 2012) 
applied MAD in detecting of land cover changes in El Rawashda forest reserve, Eastern 
Sudan: A systematic comparison, using Landsat TM, ETM, and ASTER imageries. The study 
revealed that the MAD is very good for detecting the change with unsupervised changes of 
spatial and spectral imagery data. 
5.18.1 Importance of MAD 
Generally, areas with little or no change have zero or low absolute values, and areas with 
large changes have large absolute values in the difference image. If image data gives more 
than two channels, it is difficult to visualize changes in all channels simultaneously. To solve 
this problem and to collect information on the change, linear transformations of the image 
data can be considered such as MAD. Traditionally, linear transformation making by using 
principal component analysis via the covariance matrix of difference between two images 
(Hung and Chen, 2007). In this study, linear transformation performed by applying 
multivariate alteration detection (MAD) by cross-matrix between two images. The property of 
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the multivariate alteration detection transformation is the linear scale invariance. Furthermore, 
the MAD method can be computed completely automatically because the calculation of the 
transformation is solely determined by the statistical properties (spectral dispersion matrices) 
of the original image data (Canty et al., 2001). Moreover, The MAD former has been widely 
used due to its simplicity and capability of providing change types as well as change and no 
change information simultaneously. Nevertheless, the method is time-consuming and its 
accuracy depends on the individual classification procedures to a great extent. 
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6 CHAPTER SIX 
6.1 Socio-economic Study of the Impacts and Vulnerability of LULC and 
its Link with Remotely Sensed Data 
6.2 Background  
The complex nature of sustainable natural resource management demands research that uses a 
system approach; i.e. research combining the biophysical and socio-economic dimensions. 
Recently, approaches on development studies realize that development efforts that ignore 
indigenous knowledge generally fail to achieve their desired objectives. Participation of local 
communities and the development initiative is critical for achieving sound natural resource 
management to utilize the full potential of the indigenous knowledge system. The local 
communities have their own understanding of their local environment and indigenous 
knowledge of adaptation mechanisms with environmental systems (Tripathi N, et al., 2004 
and Kidan, 2005). 
Sudan is one of the poorest countries in Africa with a number of social indicators, such as 
illiteracy and child mortality in comparison to the other parts of Sub-Saharan Africa. The 
country is rich in natural resources such as abundant arable land, the largest river in the 
continent (the Nile) and mineral resources. However, a number of extremely difficult 
problems surrounds it. Some of these problems could be related directly to socio-economic 
aspects such as poverty, uncontrolled urbanization, and high unemployment rate (Ismail and 
Mohsin, 2002; Elgali, 2010 and Mahgoub, 2014). These resources however, are fragile and 
rapidly degrading as a result of various factors. Soils are under pressure from poor cropping 
practices and increased exposure to wind and water erosion. Rainfall is extremely variable 
causing periodic droughts and floods, thereby displacing millions of rural poor people. 
Removal of trees for fuel wood to satisfy subsistence and increase in livestock numbers and 
the absence of effective regulations for controlling grazing are some of the problems. The 
situation is further aggravated by the expansion of semi–mechanized and rain-fed farming on 
fragile areas. The highest density of the population are living in extreme poverty, which is a 
major constraint to development. In particular, the assets (natural, social, human, physical and 
financial) of most social communities in the rural areas are almost non-existent; many groups 
depend on social safety nets and humanitarian assistance for survival in most years, and with 
clear evidence of internal conflicts and war on the limited resources. There are factors that 
created a contrast in the eco-system of the country such as uncertain land tenure system, 
continued state intervention in the marketing of agricultural inputs and outputs, absence of 
effective rural credit system, and poor infrastructure (Salih, 1998). About 70% of Sudan's 
population lives in rural areas, and are faced with a number of social and environmental 
problems such as drought and marginal ecological conditions, these factors can exacerbate 
public health problems. In addition, these problems have encouraged migration to cities and 
the growth of shanty suburbs. Tribal conflicts and civil war have also contributed to rural 
exodus and urban growth (Ismail and Mohsin, 2002). 
The principal aim of the socio-economic study was to assess the interactions of the rural poor 
people’s activities on the environmental status such as LULC change and its impacts on the 
lives of the local community within the Gash agricultural scheme (GAS) in Kassala State, 
eastern Sudan.  
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6.3 Socio- economic aspect of natural resources management  
There is an urgent need for proper management of natural resources in order to achieve major 
objectives such as protecting resources from degradation through early screening, use of 
environmental assessments, mitigate adverse impacts through environmental management 
plans and other effective measures, as well as establishing regulations and laws to protect the 
environment and build capacity to enforce them and improve management of forests, 
grassland, soils and water resources, in addition to policy reforms and decentralization, 
improved regulatory capacity, and strategies to increase participation and empowerment of 
communities. 
6.4 Interaction mechanisms between humans and the natural ecosystem 
Human activities can affect the natural ecosystem through one out of the four interaction 
mechanisms: land use, direct utilization, external inputs and resource competition. Each of 
these mechanisms has its own characteristics in terms of permanence, reversibility, and 
breadth of effects. Some of the social factors related to resources use and the environment are 
chang of land tenure, land fragmentation, pressure on open grazing, land use conflicts, 
deforestation (as a result of over cultivation or overgrazing) and soil erosion, which results in 
land degradation. 
6.5 Interaction with land use and land tenure 
The current policy of land in Sudan constrains agricultural and pastoral sustainable 
development. Firstly, land is not yet demarcated by cadastral surveys. Conflicts for land rights 
have been a source of civil strife especially between nomadic pastoralists and sedentary 
farmers. Secondly, the current system of land policy does not provide incentives for 
sustainable land development and capital improvement. This was due to the weak production, 
which is linked to inappropriate land use as in mechanized farming areas. Thirdly, there is 
limited access to credit for the vast majority of farmers who could not use land. Indeed, land 
reform should lead to the integration of farming and livestock production and establishment of 
formal agricultural sustainable credit institutions. 
Conversion of land from its natural state to human uses is the most permanent and often 
irreversible. Once there is conversion of land from its natural state to either agricultural or 
urban uses, it has been essentially removed as a habitat for most species except those 
specifically cultivated or nurtured by human or those that can adapt to the radically altered 
environment with human settlement (Jolly and Torrey, 1993). The process of transformation 
from natural to agricultural or to urban (and occasionally in the reverse direction) provides an 
important part of the analysis of social-ecological interactions. However, land use is the 
system, which human beings have evolved over time for the exploitation of the land resources 
in their environment. 
6.6 Description of livelihoods in the GAS 
In general, most of the people in the Gash area are poor and nomadic, either semi-nomadic 
pastoralists or agro-pastoralists, in addition to other minor handcrafts. Their communities are 
essentially rural; small townships are focused on Gash floodplain and along the main road to 
Port Sudan.  Hadendowa, the largest tribe of the Beja ethnic group is the major tribe that has 
traditional land rights. The tribe consists of semi-nomadic pastoralists who rely on agriculture 
as a limited secondary activity to provide stable grain at subsistence level. Other ethnic groups 
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include pastoralists, sedentary agriculturalists and horticulturalists. There is an estimation of 
180 villages, which range in size from less than 50 to more than 250 households and 
numerous semi-sedentary camps. The main towns are Aroma and Wagar with about 8 and 11 
thousand capita respectively (IFAD, 2010). Traditional rain-fed agriculture is another activity 
in the region, which is characterized by small-scale farming in the rainy season. The farmers 
constitute a group with limited or no access to farming machinery and formal credit 
institutions, which depends on smallholders’ traditional methods. In the past, trees, which 
were grown by forest management in the production of timber for construction and fuel wood, 
would be used.  Recently, after the spread and invasion of colonies of mesquite trees, the 
farmers and pastoralist started practicing charcoal making from mesquite trees to compensate 
for loss from their farmland production. 
6.6.1 Land use types in the study area 
Agriculture is the main economic activity, followed by livestock raising in the traditional 
pattern. Collecting and trading of forest products such as firewood and charcoal burning are 
other traditional forms of economic activity. Thus, the people derive their income from 
various combinations of the three main forms of land-use: agriculture, grazing, and forest 
products exploitation (Glover, 2005 and Suleiman, 2008; Sulieman & Buchroithner, 2009; Turk, 
2011). Drought periods and invasion of sand and spread of mesquite trees has considerably 
reduced the land available for small-holder farming and for grazing. In addition, the 
traditional pattern of land-use has been profoundly changed by population growth and the 
influx of refugees from neighbouring countries. 
6.6.2 Land tenure system in the study area 
Land rights are registered in records that are available in each block of the scheme and are 
based on some established historic rights. There is a great doubt about the authenticity of 
these registers due to some misconceptions, mistakes in land registration bias and haphazard 
way of keeping records. Some attempts were made to prevent tampering with the register, but 
without real success. Seasonal allocations were not normally registered in these books nor the 
special allocations that are granted from time to time to persons outside the register. The 
current system of land tenure is strongly affected by vested interests and is under the control 
of the most powerful elements of the main tribe. Although there are committee members from 
other social groups when registering the lands. The overall distribution of land is strongly 
biased in favour of the most powerful people who can take large areas for themselves and 
then cultivate these lands with sharecroppers or by wage labourers. 
When the scheme began in the 1920s, all the farmers were allotted 10 feddan for cotton, and 
later one feddan of subsistence crop sorghum was added. By now, the register includes land 
allocations exceeding by far the standard tenancy size of 10 feddan for investment, while 
tenancies of five feddan represent about 85% of the registered tenancies. The only explanation 
is that special approvals for larger land rights were initiated well in the past. As for the large 
percentage of five feddan tenancies, this is due to a regulation issued in 1992/3 stipulating that 
the maximum allocation per farmer would be five feddan annually. Because of this regulation, 
farmers with land rights exceeding five feddan at the time requested the division of their 
holdings into units and the registration of the subdivided units under the names of male 
members of their households. Since no investigation of the names or the relationships was 
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required for this process to occur, it is widely believed that a significant number of these 
names are considered false names (IFAD, 2010). Given the pressure on irrigated farmland, the 
scheme has adopted a seasonal allocation based on wet or actually irrigated land during the 
flood period. The maximum irrigated area is five feddan for each registered farmer. A 
relatively recent rule was applied with identity of a maximum of 20% of the registered land 
during the flood period. This rule has reduced the majority of tenancies to about one feddan, 
which is by any standard far smaller than an economically viable size. In this form of use, 
since 1980, the government disregarded the land used by customary laws and then the 
unregistered lands became government owned. Subsequently, vast areas were leased to 
individuals to be used for mechanized and rain-fed agriculture while the majority of the local 
farmers are not allowed to use the land. This might be considered as one of the main causes 
that lead to acceleration of land cover degradation as mentioned by the majority of 
respondents in the study area. 
Recently, the lands are distributed as dry plots to facilitate cleaning particularly of mesquite 
trees and ploughing before flooding. However, it has not been effective for a number of 
reasons such as lack of guarantee that water will reach any given allocated farm. Some 
farmers have indeed had a difficult time due to the failure of the scheme to supply water to 
their land for a number of years. This situation only serves the rich beneficiaries; they have 
enjoyed priority allocation of water. Moreover, there are special groups who have access to 
both land registration approaches whether dry or wet land such as government staff and 
investors without the necessity to register. In general, this is against the interests of all 
primary stakeholders (IFAD, 2003). 
6.6.3 Land allocation and reform in GAS 
Land reform is currently seen as one of the major interventions into the scheme. This reform 
should benefit the poorest people and thus land reform must be a major issue. Annual 
allocation should ensure that the farmers receive irrigated land each year or at least frequently. 
Land reform issues are particularly sensitive because the scheme area is an immigration zone. 
Determining eligibility for land allocation must be structured thought out with great care. 
Such a system can also ensure that most or even all farmers are allocated land annually, 
though not necessarily in large plots. The drawback is that farmers have less interest in caring 
for the land and are unlikely to plant permanent crops or any crops that need more than one 
season for maturing which wouldnot happen under a system of permanent allocation of land 
(IFAD, 2010). 
6.6.4 Agricultural system in the study area 
Agriculture is the main activity in the study area (figure 6.1). It is based on agricultural cycle 
type of cropping system, which divide the land into three parts; the first part to the cash crop, 
second part to the private crop and third part, is left to the fallow land to restore the land 
fertility. This method is practiced as follow: The cash crops such as cotton, maize, and castor 
system (maize and castor are shifting to a cash crop) and the sorghum crop (mainly for 
consumption). However, intensive agriculture is still widely practiced and this is because of 
the population pressure, which generates a very high demand for agricultural lands. Therefore, 
to achieve sustainable agricultural development, attention must be paid to maintaining and 
improving the capacity of the higher potential agricultural lands to support the expanding 
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population and on conserving and rehabilitating of the natural resources on lands with a lower 
agricultural potential (Hassan, 2002). 
  
 
 
 
 
 
 
 
 
Fig. 6.1: Agricultural systems in the study area. Source: GAS administration, 2010 
6.6.5 Livestock in the study area 
Livestock farming is the second largest activity in the study area (figure 6.2), based mainly on 
extensive grazing. The relatively high potential of natural resources of the Gash province 
compared to the neighbouring provinces makes it a destination for an important seasonal 
cattle migration (transhumance). However, several constraints face this sub–sector such as 
grasslands lack a system of grazing entitlements, suffer from deterioration and poor attention 
and for invasion by expanding crop farming.  
The historic customary livestock corridors between dry and wet season grazing lands are often 
blocked by crop farming, resulting in conflicts between herders and farmers. Local authorities 
that manage and rehabilitate pastures lack funding and the stakeholders lack the necessary 
awareness for resource management. In addition, water supply during the dry season is a 
nightmare to herdsmen in most arid areas. Some herders tend to move with their herds for 
long distances to where water is available. Other farmers have transport water by trucks to 
their pasture and some farmers are building concrete tanks for the collection and storage of 
rainwater. Furthermore, drought during 1984-85 decimated the majority of livestock, but the 
livestock numbers have increased later. Recently, the numbers of livestock decreased again 
because the animals are the first source of criticism. Poorer families are forced to deplete their 
herds because of their increasing reliance on the cash to provide basic needs.  
6.7 Effect of socio-economic interaction mechanisms in the study area 
The increasing human and animal pressure (due to high population growth rate and 
immigration) has rapidly altered the land use and natural resources regimes in the province. 
These factors are believed to be responsible for deforestation thereby leading to 
environmental degradation. 
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Fig. 6.2: Typical situation of livestock in the study area. Photos taken by author, 2010 
6.7.1 Effects of land tenure in the study area 
Due to the absence of an effective management, the farmers ' union (FU) has expanded its 
sphere of influence gradually for responsibility in land distribution. There is a strong relation 
between the FU and the tribes, where the leader of the main tribe is the chairperson of the FU. 
Therefore, there is a traditional tribal control in the standard operating procedures used for 
land and water allocation. This practice has led to the violation of some traditional rules and 
rights, which in return has led to less than optimal resource use, deterioration of the irrigation 
infrastructure and lack of sustainability. 
6.7.2 Effects of overgrazing in the study area 
Overgrazing has led to clear environmental changes, most of the endemic tree species have 
been replaced by annual perennial grass and the vegetation, which was spread over large areas 
had become concentrated in limited areas. These changes resulted in shifting of palatable 
species to another unpalatable species. In general, the density of vegetation has decreased. 
The surface of the soil has become unprotected in hard shell as a result of livestock movement 
and consequently makes the soil susceptible either to air or water erosion. 
6.8 The general style of life in the study area 
Majority of the people living in the scheme area are poor. They live in rural villages in houses 
made either of mud brick or straw and in small settlements of traditional tent. They rely on 
subsistence farming of small holdings allocated according to rainfall and floods, on 
sharecropping, a few livestock, casual labour, firewood collection and sale, as well as 
charcoal making and marketing. Nevertheless, Kassala state is considered a refugee-hosting 
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area, particularly in times of crisis. Drought and civil unrest have drawn internally displaced 
people and refugees to settle there and this has led to increasing demographic and economic 
pressure on the limited resources. It is estimated that Kassala State now hosts 20% of the 
refugee population in Sudan. As such, it is an important target area for relief programs and 
food aid. In the Gash area, the population is estimated to have increased sevenfold over the 
past 20 years; the number of tenants has increased fourfold in the Gash agriculture scheme, 
whereas the production base (the cultivated area) has decreased by 50%. 
6.9 Poverty, one of the threats of environmental degradation in the study area 
The poverty in Sudan is deeply entrenched and is largely widespread in rural areas in eastern 
Sudan. The study area is affected by drought, conflicts and famine, which particularly affect 
farmers who practice rain-fed agriculture. In the Gash (Delta) area as elsewhere in Sudan, the 
level of rural poverty is closely related to the strength of agricultural production and 
productivity. The total cultivated area has decreased by 50% during the past 20 years and the 
total cultivated area per tenant has declined from seven to less than one feddan. Managerial, 
institutional and policy factors are the root causes of this process of impoverishment that has 
disrupted livelihoods in the Gash Delta (IFAD, 2003). After over half a century of 
unsustainable use, studies indicate that considerable amount of land is degraded to varying 
degrees (Ayoub, 1999).  The major factors are the absence of an agreed approach and plan for 
development in the study area resulting in an ad hoc use of current resources and investments 
inequitable patronage systems and lack of transparency in the resources management and 
investments, diversion of the surpluses away from reinvestment in the study area, frequent 
exemption from or non-payment of services charges and weakening of traditional solidarity 
and social support mechanisms. The relatively harsh, fragile agro-ecology and the cumulative 
degradation of the natural resource base further aggravated the situation (IFAD, 2003). 
Consequently, land degradation and environmental stress coupled with intensive grazing and 
invasive plant species as well as with rainfall variability have been detected as primary causes 
of declining productivity and food insecurity (IFAD, 2003). 
6.10 Adaptation of the rural community with the effects of changes in LULC in study area 
6.10.1  Constrains of LULC in GAS   
6.10.1.1 Unequal land allocation 
The current system of land allocation in the scheme is strongly affected by vested interests 
and is under the control of the most powerful elements in the main tribe and wealthier people. 
Traditional system of land distribution is done by the farmer union or water associations, 
which are controlled by the power of the main tribe. This system gives lands to the rich and 
more influential people rather than the poor. 
6.10.1.2 Interchange of administrations in a short time 
One of the most important factors that led to further deterioration in the scheme is the lack of 
stability of the administrative system and the effective regulation in both agricultural and the 
irrigation systems management. However, since the establishment of the scheme in the early 
thirties, several departmental policies such as land allocations, distribution of water,    
agricultural cycle and cropping pattern. This change in policy therefore creates instability in 
the system thereby leading to decline in production. 
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6.10.1.3 Drought spells 
Like any sub-saharan region in Africa, the Gash agricultural scheme had witnessed several 
waves of drought spells during the 1970s and especially in the 1980s, which marks the 
beginning of deterioration of the scheme by the encroachment of sand from the adjacent 
Nubian Desert towards the direction of the scheme. At that time, the administration of the 
scheme introduced the mesquite trees and used it as shelterbelts to protect the cultivated areas 
against sand encroachment. 
6.10.1.4 The amount of annual flood and oscillation 
The scheme is based entirely on the rainy season in both irrigated areas and traditional rain-
fed agriculture where irrigation depends on the seasonal flood of the Gash River from the 
Eritrean-Ethiopian plateau and thus the amount of flood depends on rainfall in the Eritrean-
Ethiopian plateau. The amount of the irrigated area within the scheme is increased or 
decreased depending on the amount of flooding. In addition, there is an amount of fine sand 
deposited during the flood period in the cultivated land, which raised the level of land higher 
than the river level, causing inefficiency of irrigation system. 
6.10.1.5 Deterioration and inefficient of irrigation system 
The irrigation system in the GAS has been affected by several factors, but most notably of 
them is the problem of permanent sedimentation of fine sands, which are deposited in the 
irrigation channels and the cultivated area leading to poor irrigation efficiency and therefore 
losing the access of irrigation to the target land, resulting in decrease of productivity. Another 
problem is the invasivsion of mesquite trees, which effects most of  the territory of the scheme 
especially the irrigation canals which are full of mesquite trees, leading to inefficiency, 
destruction of canals to lowering the arrival of irrigation water to the area under cultivation 
and finally to decreasing of production and then to the deterioration. 
6.10.1.6 Unequal distribution of irrigation water 
The distribution of irrigation water depends on the amount of annual flood and prepared land 
for the season cycle. The farmers union (FU) managed the water distribution, which is 
controlled by the influential tribal leaders and the large group of rich people who are an 
effective pressure group. In addition to that, the distribution of their allocations is in the best 
areas and redistributing the worst watering land allocated to the others farmers, which leads to 
the lack of equitable distribution of irrigation water. 
6.10.1.7 Continuous high level of sedimentations 
Gash river descends very fast from the Eritrean-Ethiopian plateau and carries a large amount 
of silt and fine sand which is deposited inside the cultivated land and irrigation canals which 
led to the rising level of canals. Sometimes farmland is higher than the level of the river, 
resulting in reduced efficiency of irrigation. 
6.10.1.8 Spread of mesquite trees 
Sudan like other countries of the African Sahel was subjected to waves of severe drought in 
the 1980s due to climate change. Drought led to displacement of big numbers of people from 
their villages to other areas, and also led to the removal of vegetation. Therefore, creeping of 
sand from the desert to the agricultural lands was evident and the Gash agricultural scheme 
was affected directly by drought, which forced the administration of the scheme at that time to 
cultivate mesquite trees on farmland as shelterbelts to protect against sand encroachment and 
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protect the agricultural crops. Over time, mesquite has spread more and more and has invaded 
all agricultural areas and it becomes difficult to remove it by conventional methods. This wide 
spread of mesquite trees led to reduction of available cultivated areas. 
6.10.1.9 Increase of livestock numbers 
Possession and breeding of livestock is considered the important economic activity for 
nomadic population of the region. Livestock is considered the first source of income followed 
by agriculture. Therefore, the development and increase in the number of herds is of greatest 
concern to farmers in the region. Despite the high rate and low numbers of livestock during 
the drought period, the number of livestock has increased steadily in recent years for both of 
farmers and herders who do not have land within the scheme. Therefore, there is increasing 
pressure on the agricultural area by herds and flocks associated with registered farmers on the 
surrounding rangeland and from people who do not have land within the scheme. 
6.10.1.10   Recent migrations towards the scheme 
The scheme is located in Kassala state, which is considered as a home for refugees from 
neighbouring countries due to political and tribal wars. In recent years, the number of 
refugees seeking for home and livelihood has increased. Therefore also the number of people 
registered for land within the scheme has dramatically increased which led to high pressure on 
the scarce resources of the scheme and thus led to deterioration. 
6.11 Data collection 
6.11.1 Field visit 
Field survey was conducted via visit to the study area from May to June 2010. The visit 
included the six divisions of the scheme, which these are; Kassala, Macly, Deghin, Mtatib, 
Tendly and Hdalia (figure 6.3). Nevertheless, the focus was did upon Deghin where Aroma 
city is located under the management of the scheme (figure 6.4). In order to collect data of 
social survey and change in land cover and land use in the region, questionnaires, personal 
interviews, dialogues and open discussions were used. 
6.11.1.1 Questionnaire 
6.11.1.2 Data samples and analysis 
One hundred respondents were selected for the interview to represent the entire population in 
the study area. Random sampling method was used for the village selection and respondents 
according to Hinton (1995) and Bashir (2013) who argued that 25 respondents successfully 
represent the population in social studies. The collected data by questionnaires were stored 
and coded. The Statistical Package for Social Science (SPSS) was used for the analysis and 
extraction of the final results was done by using descriptive analysis. 
6.12 The main characteristics of respondents 
A hundred respondents with an age between twenty and sixty participated in the 
administration of the questionnaire. The dominant category of age was 30-39 years and 40-49 
years, which represents the Youngs respondents. Young farmers are tending have a better 
education and are often expected to be more willing to innovate, as shown in table 6.1 and 
appendix 6.1. Normally, in rural regions, the number of family members is greater than the 
number of family members in urban areas because the reliance on agricultural production and 
grazing depends on the family members. Increase in the family’s income depends on the 
family members and vice versa (table 6.2). The majority of the respondents (31%) mentioned 
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that their households consist of 6-8 members more thanthe others. It is clear that recently the 
number of the family increases due to internal and external migration to the region for 
housing and work as expressed by 87% in appendix 6.2. However, population growth is an 
important factor driving LULC pattern change and consequently causes land degradation with 
an adverse effect on the existing natural resources of the area through increasing the demand 
for food, wood for fuel and construction purposes, and other necessities (Mengistu, 2007). 
Nomadic life and instability do not create a suitable atmosphere for education, as well as the 
poverty does not help the education process.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.3:  Selected places (villages) for collected information  
 
 
 
 
 
 
 
 
 
               
 
 
Fig.6.4:  Validation of information by key informant 
Table 6.3 shows that the majority of respondents 46% are uneducated and cannot read or 
write (illiterate). The majority of those who have the desire to education care for religious 
education in the Quranic School, which is only ungovernmental school available for the 
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nomadic people. Recently with the increase in population in the region, many people begin to 
have interest in education. 
Table 6.1: Ages of respondents 
 
 
 
 
 
 
Table 6.2: No. of family member  
 
 
 
 
 
 
Table 6.3: Education 
 
  
 
 
 
 
 
 
Table 6.4: Family’s income 
  
 
 
 
Table 6.5: Main job 
 
 
 
 
     
 
As illustrated in tables 6.4 and 6.5 and appendix 6.3, the main livelihood in the study area is 
agriculture. The majority of respondents (68%) clarified that the most important income of the 
family in the rural areas comes from agricultural products. On the other hand, the secondary 
job for the majority of respondents also is agriculture while animal owner or grazing is 
considered the second job for the others farmers. However, the percentage of the practices of 
Ages Frequency Percent 
20-29 8 8 
30-39 31 31 
40-49 25 25 
50-59 18 18 
> 60 18 18 
Total 100 100 
Range  Frequency % 
< 3 8 8 
3-5 31 31 
6-8 25 25 
9-11 18 18 
Total 100 100 
Activities  Freq % 
Illiterate 46 46 
Quranic school 28 28 
Elementary school 8 8 
Intermediate school 14 14 
Higher school 4 4 
Total 100 100 
Activities  Frequency Percent 
Agriculture 86 86 
Business 12 12 
Teacher 2 2 
Total  100 100 
Jobs  Frequency Percent 
Farmers  84 84 
Animal owners  2 2 
Shepherds  7 7 
Employees  2 2 
Labours  5 5 
Total  100 100 
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local people and its relationship to LU patterns is also considered one of nomadic problem 
that contribute in LULC change and land degradation.  
Agricultural practices are dominant for the local people in the study area, while animal 
grazing and making charcoal are the main activities. Either the mode of agricultural practices 
are irrigated or rainfed, it can contribute significantly in LULC change and land degradation 
because some of these practices cause for land resource degradation because of lack of 
agricultural rotations, inefficiency of the irrigation system and inconsistencies in the 
distribution of land allocation policy. As illustrated in table 6.6 and appendix 6.4, agriculture 
is the main job for most (79%) of the rural people. Most of the respondents are involved in 
agricultural production. The analysis of social survey shows that a high percentage (84%) of 
the local population of the study area is farmers. The most important crop is sorghum, which 
is the first economic crop for domestic consumption and export in addition to other cash crops 
such as cotton and roselle (table 6.7). 
6.12.1 Livelihoods patterns in the study area 
From table 6.6 and appendix 6.4, it is obvious that agricultural production is the first activity 
in the study area due to the agricultural nature of the area. Due to the fluctuation of floods, the 
farmers concentrated on cereal crops more than horticultural crops.  
Table 6.6: Main activities of the respondents 
 
 
 
 
 
 
Table 6.7: The main crops of the study area 
 
 
 
 
 
Livestock is considered the basic economic factor in case of failure in agricultural crops.  It is 
worth to mention that it is too difficult for the farmer to practice both (activities agriculture 
and animal breeding) because each of them needs a lot of time for work. Therefore, only a 
few of the respondents (3%) detected that they combining both activities (table 6.6).  
6.12.2 Land allocations  
At the time of the construction of the GAS, the number of farmers was few and the allocation 
per farmer was ranged between 10 to 5 feddans. Recently due to some factors such as 
decrease of rainfall, invasion of sand and mesquite trees, the land allocation was decreased 
from 5 to less than one feddan for the farmer. The majority of respondents (56%) owns land 
between 5 to less than one fed, most of them are poor farmers while on the other side some 
rich farmers own more than 30 feddan as illustrated in table, 6.8. This situation reflects the 
bias and the improper management system regarding the land distribution in the study area. 
Nevertheless, the majority of farmers continued to practice agriculture as illustrated in table 
Activities  Frequency Percent 
Agriculture 79 79 
Pasture 14 14 
Coal making 2 2 
Wood collection 2 2 
Agriculture and pasture 3 3 
Total 100 100 
Crops  Frequency Percent 
Sorghum  97 97 
Sorghum, Roselle and cotton 3 3 
Total  100 100 
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6.6 because the production of crops contribute to their livelihood and provide fodder for their 
livestock. 
Table 6.8: Land owned  
 
 
 
 
 
 
 
 
6.12.3 Agricultural patterns, production and problems 
There are two ways of agricultural practice in the study area; the traditional rain-fed system 
and the irrigated system. For the land preparation, at first, the farmers remove the herbs and 
shrubs manually from the roots as explained by most of the respondents (59%) table 6.9. 
Cleaning the land is important in order to get good land preparation to raise the production. 
Thereby allowing applying agricultural machinery either before or during sowing of seeds as 
explained by 64% of the farmers is very important to avoid seed damage and to take 
advantage of soil moisture during ploughing. Most of the farmers assure that the traditional 
and modern technologies are used at the same time (table 6.10 and appendix 6.5).  
Table 6.9: Land preparation 
 
 
 
 
 
Table 6.10: Types of machinery application 
 
 
 
Table 6.11: Agricultural production problems in the study area 
 
There are some problems farmers are facing which reduce the efficiency of production such 
as lack of good preparation of the land, inefficient irrigation, and unequal distribution, lack of 
Land fed Frequency Percent 
1-5 56 56 
5-10 24 24 
10-15 11 11 
15-20 3 3 
20-25 3 3 
25-30 3 3 
Total  100 100 
Activities Frequency Percent 
Remove trees from roots 59 59 
Remove the shrubs 31 31 
Remove the weeds 3 3 
Burning use 7 7 
Total  100 100 
Machinery application  Frequency Percent 
Before seeding 36 36 
In time of seeding 64 64 
Total  100 100 
Production problems Frequency % 
Bad irrigation, mesquite invasion 47 47 
Bad irrigation and bad land preparation 16 16 
Less finance, overgrazing, small areas and mesquite invasion 9 9 
Bad irrigation, less finance, overgrazing and high costs 11 11 
Less finance, overgrazing and difficult to remove weeds 11 11 
Overgrazing, lack of crop rotation and difficult to remove trees 6 6 
Total  100 100 
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agricultural financing, invasion of sand and spread of mesquite trees, overgrazing and high 
costs of production. However, the most difficult of these problems are irregular distribution of 
irrigation and the spread of mesquite trees, as explained by most of the farmers (47%) table 
6.11.  
Finally, the harvesting process is done manually by traditional methods, involving most 
members of the family. Mechanization is rarely used in the process of harvesting. At the end 
of the season the land is cleaned from crop residue is grazed by animals, and the remainings 
are left as natural fertilizer, for preparation for next season before the flood, as pointed out by 
most of the farmers (53%) (Table 6.12). 
Table 6.12: Types of work after harvest 
 
 
 
 
 
 
6.12.4 Forests and natural life in the study area 
Forests and natural life are very important factors in rural areas because they are considered as 
the sources of wood for construction, firewood, charcoal and natural pasture for livestock in 
the dry season and for the protection of farmland from sand encroachment. Anyhow, there are 
two types of forests in the study area, the first is the state natural forests and the second is the 
state plantation forests. However, the majority of respondents (80%) explained that most of 
the forests are natural, as shown in table 6.13. The forests in the region cover an area ranges 
from 300 to 400 acres as pointed out by few numbers of respondents (15%). Therefore, most 
of the farmers do not know exactly the real area allocated to forests (appendix 6.6). Most of 
respondents (74%) clarify that the main task of the forests in the region is to protect 
agricultural land from desert encroachment (table 6.14). However, there are some problems 
threatening the forests in the study area. The most prominent of the problems are chopping of 
trees, lack of protection and forest burning as pointed out by a majority of respondents (table 
6.15). Therefore, local government authorities enforce an absolute protection for these forests, 
which is often not effective as understood as tight protection as pointed by majority of 
respondents (76%) (Appendix 6.7).  
Table 6.13: Forest types 
 
 
 
 
Table 6. 14: Forest management objectives 
 
 
 
 
 
Processing after harvest  Frequency Percent 
Cleaning residual crops 16 16 
Let residual crops in land 23 23 
Burn residual in land 8 8 
Let animals feed on residuals 53 53 
Total  100 100 
Forest type Frequency Percent 
Natural governmental forests 80 80 
Plantations (government) 20 20 
Total  100 100 
Management objectives Frequency Percent 
Desert encroachment protection 74 74 
Afforestation and wood production 21 21 
River protection 5 5 
Total  100 100 
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Meanwhile, most farmers (95%) do not have the slightest interest in the protection of forests 
(appendices 6.8 and 6.9). Their effectiveness is just limited, to notify the police in the case of 
a threats or the risk to forests. In order to minimize the cutting and ease the pressure on the 
forest resource, the state government provided commercial centers for the use of other types 
of energy such as natural gas, kerosene, but it did not find a response from farmers due to its 
high prices comparing to the availability of trees and ease of free cutting. Therefore, most of 
respondents (72%) prefer the use of firewood and charcoal than the other energy sources, as 
described in table 6.16. 
Table 6.15: Forest problems 
 
 
 
 
 
 
 
Table 6.16: Energy type provided by the government 
 
 
 
 
 
 
6.12.5 Livestock and pastures in the study area 
Grassy was the prevailing land use craft in the region before the establishment of the Gash 
Agriculture Scheme. Recently, livestock is the substitution for farmers in the rural areas in the 
event of the failure of the agricultural season or in the case of the lack of production from the 
main crop. Livestock (herds and flocks) in the region include cows, camels, goats, and sheep. 
Most of the farmers are interested in raising goats more than other types of livestock because 
its breeding costs are less than of the other types (tables 6.17). There are available natural 
pastures in the summer, winter and autumn seasons. In the summer, the pastures are available 
inside the scheme immediately after harvest as explained by all farmers (100%) (Appendix 
6.10).   
Tables 6.17: Percentage numbers of cows, camels, goats and sheep 
 
 
 
 
 
 
 
 
 
The threats or problems Frequency % 
Cutting, no protection and burning 38 38 
Cutting, Squatter settlement and burning 7 7 
Cutting and overgrazing 48 48 
Cutting, Squatter settlement and small areas 2 2 
burning and overgrazing 5 5 
Total 100 100 
Energy type Frequency Percent 
Gas 22 22 
Kerosene 2 2 
Agricultural residuals 4 4 
Firewood and coal 72 72 
Total 100 100 
No Cow% Frequency Camel% Frequency Goat% Frequency Sheep% Frequency 
1-5 58 58 26 26 31 31   
1-10       24 24 
5-10 22 22   8 8   
10-15 4 4   7 7   
10-20       11 11 
15-20 2 2   8 8   
20-30       3 3 
25-30     5 5   
30-40       2 2 
Nothing 14 14 74 74 41 41 60 60 
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While in the rainy season, there are available wide natural pastures inside the scheme before 
the process of agriculture and after the harvest. During the winter, the dry season is too long 
with no available pastures except inside the scheme or through the trees and forests around the 
scheme. 
6.12.6 Livestock development Problems in the region 
This sector is facing several problems, which limit its evolution and development such as; 
lack of enough pasture resources, lack of water especially durin the dry season in summer and 
winter, diseases and lack of veterinary care, conflicts and frictions between shepherds and 
farmers and between shepherds themselves (table 6.18). However, the most important of these 
problems is the lack of enough pasture, of water, diseases and frictions between the shepherds 
as pointed out by most of the respondents (table 6.19). However, if there were pastures 
available, they have to face lack of protection, management, and regulation as pointed out by 
the majority of respondents (appendix 6.11). In the dry season, the livestock depends mainly 
on grassy values of forest, as pointed out by the majority of respondents (63%) (Table 6.20).  
Recently, the numbers of livestock have diminished significantly due to decrease of the river 
flood, the invasion of sand, spread of mesquite trees and the lack of drinking water, as pointed 
out by most of the respondents (77%) in table 6.21.   
Table 6.18: Adequacy of the grazing fields 
 
 
 
 
Table 6.19: Animal problems 
 
 
 
 
 
 
 
Table 6.20: Tree felling 
 
 
 
 
 
Table 6.21: Animal population increased or decreased? 
 
 
 
 
Decision  Frequency % 
Yes  24 24 
No  76 76 
Total 100 100 
Type of problems  Frequency % 
Less of water and less of grazing 31 31 
Disease and less of grazing 26 26 
Less of water and friction between pastoralists 10 10 
Friction between pastoralist and less of water 24 24 
Less of water and disease 9 9 
Total 100 100 
Decision Frequency % 
Yes  63 63 
No  37 37 
Total  100 100 
Animal population Frequency % 
Increase 23 23 
Decrease 77 77 
Total  100 100 
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6.12.7 The reasons for the deterioration of the GAS 
During the last two decades, the scheme suffered terrible deterioration, which hit all aspects 
of life in the scheme such as infrastructure, bridges, canals, soil and finally led to a decline of 
production. Some factors led to this acute deterioration, such as climatic changes in the Sahel 
region of Africa, which included the drought that hit the region during the periods of the 
1970s, 1980s and 1990s, as well as the fluctuation of rainfall and hence decreased flooding of 
the Gash river. These circumstances have led to the movement of sands towards the cultivated 
area. All these factors forced the administration of the scheme to use mesquite trees as 
shelterbelts to counter the encroachment of sand to protect the agricultural crops. 
Unfortunately, the mesquite trees spread and invaded on most of the scheme areas and became 
dense colonies, which are extreme difficult to remove. According to Kirkby, (2001) and 
IFAD, (2010) the mesquite trees was originally planted in the Gash scheme in a pilot program 
for stabilizing the irrigation canals and to protect the cultivated areas. However, it spread due 
to the poor scheme management and willful neglect, which reduced the targeted irrigated area. 
Most of the respondents (72%) confirmed that the scheme now is facing its worst case of 
deterioration according to their own knowledge and experience (table 6.22). With an 
indication of deterioration of infrastructure and decrease of soil fertility and hence lack of 
production as pointed out by 46% of respondents, while few of them (28%) confirmed that 
they do not have minimum experience and knowledge of the causes of deterioration (appendix 
6.12). 
Table 6.22: Experience in land degradation 
 
 
 
 
The general causes, which led to the deterioration of the scheme as mentioned by the farmers 
are climatic reasons, overgrazing, cutting and removing of trees whether for agriculture, 
firewood, coal or buildings. Moreover, mesquite trees spread, sand accumulation inside 
irrigation channels, poor management of the distribution of irrigation water and the 
ineffectiveness of the administration are other causes (table 6.23). However, the majority of 
respondense (43%) pointed that the spread of mesquite is the main indicator of land 
degradation in the study area. 25% of respondents confirmed that climatic change (drought) is 
a strong indicator for land degradation, and 16% of respondents confirmed that sand invasion 
is an indicator for land degradation in the study area. However, a few of the respondents 
indicated that overgrazing, cutting trees for fuel and unequal irrigation distribution were the 
main indicators of land degradation in the study area. Some of the farmers mentioned that 
there are special reasons contributing to the deterioration of the scheme such as the 
accumulation of sand in cultivated areas and irrigated canals, lack of soil fertility, unequal 
distribution of irrigation as pointed out by most of the respondents (table 6.24). The forest and 
nature protected areas in the region consist of many types of trees such as mesquite, Sidr, 
Acacias, Balanites and keter, while the most present of these species is mesquite as pointed 
out by the majority of the respondents (29%) (Table 6.25). There is formation of colonies of 
dense of mesquite trees combined with other groups of trees. These colonies stimulated the 
Decision  Frequency % 
Yes 62 62 
No  38 38 
Total  100 100 
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majority of farmers to charcoal industry, firewood and timber extraction to compensate loss of 
crop production on their lands.   
Table 6.23: General causes of land degradation 
 
 
 
 
 
 
 
 
 
 
Table 6.24: Minor causes of land degradation 
 
 
 
 
 
 
 
 
 
 
Most of the rural farmers are using charcoal and firewood to get energy for domestic and 
commercial purposes following the respondents (79%) (Appendix 6.13). Increase in the 
activity of the charcoal industry and the firewood extraction is as a natural result of the 
availability of many kinds of trees. The most availabe of these species are mesquite trees, as 
pointed out by most of the respondents (table 6.26).  
Table 6.25: Type of existing trees 
 
 
 
 
 
 
Table 6.26: Types of trees for fuelwood 
 
 
 
 
 
 
 
  
General causes Frequency % 
Climatic causes  25 25 
Overgrazing  2 2 
Removing trees and shrubs for planting 2 2 
Mesquite invasion  43 43 
Sand invasion 16 16 
Cutting trees for fuel 2 2 
Unequal  distribution irrigation  10 10 
Total  100 100 
Minor causes Frequency % 
Accumulation of sand in cultivated areas  22 22 
Less of the irrigation  3 3 
Less of the soil fertility  2 2 
Mesquite invasion  2 2 
Sand invasion 1 1 
Low amount of rainfall 2 2 
Nothing 70 70 
Total  100 100 
Type of trees  Freq- % 
Mesquite, sidr, clustered, acacia and heglig 26 26 
Mesquite, sidr, clustered and keter 23 23 
Mesquite, sidr and acacia 22 22 
Mesquite  29 29 
Total  100 100 
Trees for fuelwood Frequency % 
Mesquite, clustered and acacia 7 7 
Mesquite 60 60 
Mesquite and clustered 12 12 
Mesquite and sidr 15 15 
Clustered and sidr 3 3 
Sidr and keter 3 3 
Total 100 100 
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Most of the respondens also stated that they do not care about using other types of energy due 
of the high price and lack of their knowledge to deal with it. Most of the farmers (75%) are 
getting timber and firewood directly from trees and forests inside or outside the scheme 
(appendices 6.14 and 6.15). 
The majority of the rural population in the region often builds their houses from wood 
products and straw, which they get directly from the forest and trees that are available inside 
and outside the scheme (table 6.27). The best trees that are used in the construction of houses 
are mesquite and sidr trees because they have more strength and are durable as stated out by 
most of the respondents (appendices 6.16 and 6.17). Therefore, they cut down the whole tree 
because the useable parts for construction are the stem and branches. 
Recently, due to the high migration rate in the area search for shelter and work became 
competitive. The increase in the number of the population related in an increase and 
expansion of the rural settlements at the expense of agricultural land. Therefore, the majority 
of farmers explained that the policy of the extension and expansion of the housing inevitably 
led to land degradation in the region (table 6.28). 
Table 6.27: Source of building wood materials 
 
 
 
 
 
 
Table 6.28: Role of building and expansion on land degradation 
 
 
 
 
 
6.12.8 The impact of land use change on forest resources  
As a result of the great deterioration that hit the scheme, a large number of farmers migrated 
to neighboring cities looking for work such as trade or daily labor, while a few of them have 
chosen to stay in the area and take advantage of available local resources such as forests and 
work in timber trade. A large number of them works in the charcoal industry, while some of 
them work in trade of firewood (figure 6.7). However, they get the wood directly from the 
forest and scattered trees within the scheme, especially mesquite trees which are found 
everywhere in the scheme. Most of respondents mentioned that cutting of trees and coal 
industry are considered a source of income for many farmers, but at the same time led to 
damage of the forest. As well as the waste of the charcoal production is left inside the scheme, 
which led to decrease of soil fertility and weakness in production, which in turn led to 
deterioration in particular to soil degradation. 
6.12.9 The impact of land use change on soil 
The soil in the study area was rated into two types, the first type is alluvial soil, which 
consists of alluvial sandy soil known locally as Labed covering the northern part until the end 
of the estuary of the river (Gash Die) and part of the central area of the scheme. The second 
type is alluvial clay soil, which covers the southern and the central parts of the scheme locally 
Source of building wood Frequency % 
From forest 58 58 
From inside the scheme 8 8 
Buying 34 34 
Total  100 100 
Role of building Freq- % 
Expansion of the housing helps in degradation 51 51 
Expansion of the housing not helps in degradation 49 49 
Total  100 100 
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known as Badoba) (figure 6.8). The continuously exploitation of the soil in a certain part of 
the land for multiple periods and burning timber in the same area for the production of 
charcoal and intensive overgrazing, led to the weakness of the productive capacity of the soil 
and thus led to soil degradation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.7:  Assembling of mesquite trees and manufacturing of charcoal (photographs by author 2010)  
 
 
 
 
 
 
 
Fig. 6.8: Types of soil in the area Badopa type (left) and Labed type (right) (photographs by author 2010) 
6.12.10  The impact of land use change on agricultural production 
The waves of droughts in the 1970s, 1980s and 1990s, decrease of rainfall rates, invasion of 
sand and increasing spread of mesquite trees, intensive overgrazing and the steady increase in 
the numbers of migrants have consequently led to the reduction of cultivable areas. 
Consequently, reduction of the allocation land per capita from 10 acres to one or less than half 
acre, led to intense exploitation of the land, which in turn led to the loss of soil fertility and 
finally to a lack of production. Most of the respondents mentioned that the agricultural 
production has become weak in recent years because of fluctation of rainfall. This has 
contributed to low production, which is not enough to cover the subsistence of families nor 
any efforts of marketing. 
6.13 Relationship between socio-economic parameters and remote sensing 
This subsection presents the relationship between the rural socio-economic factors and 
integration of satellite imagery regarding the driving factors of LULC changes in the study 
area. Such integration leads to a better understanding of human impacts and of human drivers 
for environmental and social changes. Research on LULC change, however, makes remote 
sensing relevant to supported integration in the social, political and economic problems and 
theories pertinent to LULC change, which is euphemistically called ”socializing the pixel” 
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and “pixelizing the social” (Turner, 1997). However, the integration of these elements and 
direct overlap between them, and the analysis and interpretation of the results of this overlap 
leads to a logical and accurate understanding of the past, present and prediction for the future 
development of land use. In this research, for the link between socio-economic and remote 
sensing data, the results of chapters 5 and 6 have been used and compared. However, there is 
a very strong and significant relationship between remote sensing and a socio-economic data, 
which was confirmed through what has been referred by most of the respondents in the study 
area. For example, the redution of cultivated area due to invasion of sand or spread of 
mesquite trees during the entire period of the study has been mentioned also by the majority 
of the respondents. A decrease in vegetation cover and an increase of sand invasion during the 
period between 1972 and 1987 due to the drought from which the region suffered was also 
pointed out by most of the respondents. 
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7 CHAPTER SEVEN 
7.1 Results and Discussions 
7.2 Foreword  
This chapter represents an integrative review of the results obtained in this study and their 
implications in and around the Gash Agricultural Scheme (GAS). In general, this research 
study aims to investigate and acquire knowledge about the status of land use and land cover 
(LULC) changes in the GAS during the period 1972-2010 and further estimates its vegetation 
change dynamics. Accordingly, the study results represent the analysis of the products of 
image processing and classification, e.g. LULC changes, vegetation and soil indices analysis, 
change detection methods such as CVA, MAD, application of image differentiation change, 
confusion matrices, ground field survey for accuracy assessments and statistical analysis. 
However, the results were presented in the form of maps, tables, figures and charts. These 
include the spatial distributions and changes of the LULC classes in each sub-period of the 
entire period of the study. A comparison between images pairs was made applying both visual 
and digital approaches to determine and identify the trend of change and transformation 
between the different classes over the time of the study. 
The effectiveness of techniques, methods, and approaches implemented in this study were 
also evaluated. This followed by the discussion of the results and the possible interventions 
required to reverse increasing degradation trends in and around the GAS. Future directions for 
research are also proposed and the final summary and conclusions of this study were drawn.  
However, "Image interpretation process is like the work of a detective, trying to put all the 
pieces of evidence together to solve a mystery" Lillesand et al., (2008). Success in solving the 
mystery depends on the details contained in images, on experience, and knowledge about 
conditions and history of the study area, and on the expertise of the interpreter as well.  
7.3 Visual interpretation of satellite imagery 
Satellite imagery was used to quantify rates and patterns of LULC change in the period 
between 1972 and 2010 in the semi-arid region of the Gash Agricultural Scheme (GAS) in 
Kassala State, eastern Sudan. The data consist of four multi-spectral satellite images 
explicitly; Landsat MSS 1972, TM 1987, ETM+ 1999 and ASTER 2010, which were 
acquired between October and January representing the dry season in Sudan (figure 7.1). 
Based on survey data and satellite image interpretation, the LULC types in the area such as 
mesquite trees, shrubs, grass, bare land, cultivable land, and stabilized fine sand and mobile 
sand, (figures 7.1 and 7.2). Therefore, visual interpretation by displaying the imagery data can 
help in identifying the density of vegetation cover of the study area as general viewing. Due to 
the similarity of several spectral (reflectance) signaturs of land cover features in the study 
area, it is e.g. possible to mix up grassland with shrub land, and on the other hand, to allow for 
the differentiation and discrimination between differnt land cover features e.g. woodland 
dominated by dense mesquite trees and stabilized fine sand and mobile sand. Theoretically, 
the higher the contrast (gaps) between the signature curves of any two types of LULC, the 
easier it should be to distinguish them and, hence, the greater is the potential for fast and 
accurate LULC mapping.  
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Fig. 7.1: Visual interpretation of LULC from raw imagery sets  
Visual interpretation by displaying the raw image data of the study area can give a first 
impression of LULC and its changes, due to the invasion of fine sand, mobile sand and spread 
of the parasitic mesquite trees, in addition to diminishing of cultivable potential lands 
intended for planting (figure 7.1). This highly agrees with what has been mentioned by the 
interviewed (respondents) farmers. They stated that during the drought periods in the 1980s 
and 1990s the area suffered, which led to sand encroachment from the neighbouring Nubian 
Desert. The administration of the scheme decided to plant more mesquite trees to protect the 
cultivable land against the sand, but unfortunately, the mesquite trees were spread elsewhere 
MSS 1972 
ASTER 2010 ETM+ 1999 
TM 1987 
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which led to the reduction of the potential land intended for agriculture. Figure 7.1 shows the 
gradual change in the cultivated land during the period from 1972 to 2010 in the area. It is 
observed that mesquite trees expansion as well as invasion of sand occurred at the expense of 
cultivated land during the period from 1972 to 2010.  
7.4 Interpretation of LULC classification in the study area 
Analysis of the recent history of LULC offers a present-day baseline for modelling the future 
of landscape patterns and their consequences (Zheng et al., 1997). Figure 7.2 shows the 
comparison between classified and unclassified satellite imagery via ERDAS Imagine (10) to 
derive the LULC classes. The results of classification produce five LULC classes explicitly: 
(a) Woodland dominated by dense mesquite trees, (b) Grass and shrubs dominated by less 
dense mesquite trees, (c) Cultivated and bare land (clay soil), (d) Stabilized fine sand and (e) 
Mobile sand, by using supervised classification via MLC, as presented in figure 7.4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A: Unclassified image (ASTER)   B: Blending of unclassified and classified C: Classified (ASTER) 
Fig. 7.2: A comparison between unclassified and classified image using blend utilities of ERDAS  
7.5 Interpretation and mapping of LULC based on MLC 
Land cover mapping is mainly performed to obtain an inventory of land resources and for 
monitoring land management practices (Lillesand et al., 2008). Field visits conducted during 
the dry season of the year, corresponds to the acquisition date of satellite data. The land in the 
scheme is cultivated during the flood season (Rainy season) and the harvest is at the 
beginning of the dry season. In the area, most of the vegetation during the dry season are 
mesquite trees, and scattered shrubs (figure 7.3). It is difficult to differentiate between dense 
trees, even during the field visit, therefore, these areas has been integrated into category of 
woodland dominated by dense mesquite trees class. 
Due to the similarity of the spectral signature of the dense trees, there were often difficulties 
in separating between them, therefore, may be classified with that dominated by high dense of 
mesquite trees. Also, was hard to separate between weeds and shrubs because the farmers 
sometimes leave some weeds to grow in order to be grazed by their livestock. Explicitly, areas 
of grass and shrubs have been integrated into category of grass and shrubs, dominated by less 
A B C 
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dense mesquite trees. In addition, during the dry season, it is too difficult to separate between 
bare land and cultivated land because both of them are free of vegetation except sparsly-
distributed patches of vegetation (figure 7.4). Bare land and cultivated land have been 
integrated into one class. Stabilized fine sand that has crept to the scheme cultivable area, 
most of this sand came within the silt of the Gash river floods. In the dry season when the 
vegetation visually is low, the sand appeares on the topsoil surface and accumulates inside the 
large and small-scale irrigation canals and inside the riverbed. Mobile sand that is drifted from 
the Nubian Desert adjacent to the study area, which accumulated inside the cultivated area. 
Mobile sand has increased during the drought period, which hit the area durin the 1980s and 
1990s, it is classified either as stabilized fine sand or as mobile sand and vice versa. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7.3: Typical dense, scattered trees and shrubs in the study area (photographs by the author, May 2010) 
It is worth to mentioning that residential areas do not appear in the classification because most 
of the rural citizens constructed their houses from wood products, straw and sometimes of 
mud, so it is too difficult to distinguish them from bare land (mud) or grassland (straw) (figure 
7.5), so it doesn't appear in the classification. Regarding the pixel-based classification 
approach, by using field training data for LULC classification, the classes were grouped into 
five spectral LULC classes categories; two classes are strongly related to vegetation i.e. 
woodland dominated by dense mesquite trees and grass and shrubs dominated by less dense 
mesquite trees. Two classes are related to non-vegetative i.e. stabilized fine sand and mobile 
sand, while, bare and cultivated land class are shared between the two categories (figure 7.6). 
The statistics of LULC distribution for each category in the study area are presented in table 
7.1. With reference to the pixel-based classification, the most dominant pattern observed in 
the area is the bare and cultivated land, which were decreased from 1972 to 2010 covering an 
area of about 47481.49 ha (23.28 %), 41372.74 ha (20.22 %), 28020.80 ha (13.60 %) and 
20716.52 (10.04 %) for the years 1972,1987, 1999 and 2010 respectively.  
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 Fig.7.4: Classification of LULC based on MLC for imagery of 1972, 1987, 1999 and 2010 
In the seventies and eighties (drought periods), stabilized and mobile sand expanded towards 
cultivated land resulting in the reduction of vegetation cover which reflected a sign of land 
degradation in the study area. On the other hand, as the amount of rainfall has increased in the 
nineties, the administration of the Scheme was encouraged to plant more mesquite trees to 
protect cultivated land against the sand encroachment. Therefore, the amount of vegetation 
cover has increased, which led to an increase of the spectral reflectance of greenness. Beside, 
in contrast, the increase in greenness is mainly linked to the predominance of mesquite trees 
on farmland, which is considered as an invasive or parasite tree, which is then has led to 
shrinking of the cultivated land, lack of production and finally to land deterioration. 
The period between 1999 and 2010 was considered as the critical period, when mesquite trees 
extended overs most of the cultivable land, resulting in facilitating the stability of fine sand 
 
  
2010 1999 
1987 1972 
Bare and cultivated land (clay soil) 
Woodland dominated by dense mesquite trees 
Stabilized fine sand 
Mobile sand 
Grass and shrubs dominated by less dense mesquite trees 
1972 
2010 1999 
1987 
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inside the cultivated areas. On the other hand, deposition inside the irrigation canals as well as 
into cultivated land of sand that comes with the Gash river water led to more degraded areas 
and hence accuring reduction of production. The results of classification are shown in figure 
7.3 and table 7.1, which indicate that the distribution of LULC classes in the year 2010 in the 
study area are; woodland dominated by dense mesquite trees (25.58%), grass and shrubs 
dominated by less dense mesquite trees (20.69%), bare and cultivated land (clay soil) 
(10.73%) stabilized fine sand (22.87%) and mobile sand (24.13%). The results prove that the 
most dominant LULC classes in 2010 were; woodland dominated by dense mesquite trees 
followed by stabilized fine sand while the bare and cultivated land (clay soil) and the 
stabilized fine sand were dominated classes in 1972.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7.5: Typical residential structure in the study area (photographs by the author, May 2010). 
Based on table 7.1, the results clarify that the bare and cultivated land status as the highest 
percentage of coverage in 1972. This indicates that the agricultural activities are considered 
the main source of income in the study area. However, these areas have declined steadily 
along the period from 1972 to 2010 from 23.28% in 1972 to 10.73% in 2010, revealing that 
the aeras of mesquite trees and mobile sand were increased during the study period.  On the 
other hand, the woodland class is dominated by density areas of mesquite trees and by mobile 
sand areas, which increased during the period from 1972 to 2010, from 13.47% to 25.58% and 
from 14.62% to 24.13% respectively. The first two classes dominated by mesquite trees 
decreased slightly during the period of 1972 to 1978, from 13.47% to 9.47% and from 22.24% 
to 20.69% respectively; and then increased during the period of 1987 to 2010, from 9.73% to 
25.58% and from 13.38% to 20.69% respectively. This contrast of decreasing in size from 
1972 to 1987 is due to the existence of drought during the 1980s and the increase of 
vegetation cover from 1987 to 2010 is due to high precipitation during this period in the study 
area (table 7.1, figure 7.7). 
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Fig.7.6: Types of cultivable land (left) and of bare land (right) in the study area (photographs by the author, 
May 2010). 
The results indicate that the increase of areas dominated by unfavourable mesquite trees can 
be considered as one of the main factors of degradation in the area, though it is correlated 
with high-density vegetation cover, while the increase of areas of (mobile) sand can be 
considered as one of the main signs of land degradation in the region. This finding confirms 
that LULC change is one of the most prominent aspects of land degradation, which is also 
underline by many studies, which successfully applied remote sensing, and geographical 
information systems in examining LULC changes, and land degradation (Ringrose et al., 
1996; Foody, 2001; Wessels et al., 2004; Wessels et al., 2007; Garedew et al., 2009).  
From the results in table 7.1 and figure 7.7, the class of woodland dominated by dense 
mesquite trees includes most types of trees growing in the area such as Heglig (Balanites 
aegyptiaca), Kitir (Acacia mellifera), Sunt (Acacia nilotica) and others, which are distributed 
among the colonies of mesquite trees. The class of grass and shrubs dominated by less dense 
mesquite trees includes most of the types of shrubs such as Sider (Ziziphus nummularia) and 
Tundub (Capparis decidua) and others, which are also distributed among mesquite trees. 
Following the patterns of confusions of results with training data, many areas were 
misclassified. The statistics contained with spectral feature (signature) space aid in 
determining whether the classes are well suited in terms of their separability (in the multi-
dimensional feature space). It is, however, evident that even with high-resolution imagery 
there are still some contaminations occuring in the training signatures (Apan, 1997 and Malik 
and Husain, 2006). During the period of study from 1972 to 2010, the bare and cultivated land 
(arable land for agricultural use) collapsed and lost 26764.97 ha, which is equal an area in 
2010 of (43.63%) of the 47481.49 ha in 1972 i.e. a loss of 13.24 % of the total area of study. 
As a result, this reduction and deterioration led to high pressure on natural resources by the 
local communities, which subsequently led to force locals to seek for another source for 
income generation. 
7.6 LULC based on maximum likelihood classification (MLC)  
The LULC classes were produced based on the classification of each of the four images of 
years 1972, 1978, 1999 and 2010, and change analysis was performed for each pair of maps 
(figures 7.3 and 7.7).  
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The comparison between maps for each year reflects the different patterns and changes 
between LULC classes in the GAS during 38 years (1972-2010). The spatial variability 
indicates that many areas covered by colonies of mesquite trees or by stabilized fine sand in 
the grown at expense of formerly cultivated areas. 
Table 7.1: Statistics of LULC distribution derived from the maps during the study period from 1972-2010 
 
Where: 1= woodland dominated by high dense mesquite trees, 2= Grass and shrubs dominated by low dense 
mesquite trees, 3= Cultivated and bare land (Clay soil), 4= Stabilized fine sand and 5= Mobile sand. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7.7: The distribution of LCLU classes during the period from 1972-2010 in the study area 
7.6.1 Visual interpretation of the MLC of imagery (1972, 1987, 1999 and 2010) 
LULC in Sudan particularly the agricultural sector was affected by many problems due to the 
lack of adequate policy framework, the absence of united legislation and adequate 
consideration of the socio-economic factors, which play a vital role in land conversion and 
management. By having a look to at the multitemporal LULC classification of the GAS in 
table 7.1 and figures 7.8 and 7.9, it can be clearly seen that there was a considerable change in 
distribution of land cover during the study period from 1972- 2010.  
The statistic results of MLC reveal that more than 40% (43.63%) of the total area of bare and 
cultivated land has been decreased over the last 38 years in the study area with an average loss 
LU/LC  
Categories
           1972             1987            1999 2010 
Area 
(ha.) 
Area 
(%) 
Area 
(ha.) 
 
Area 
(%) 
Area 
(ha.) 
 
Area 
(%) 
Area 
(ha.) 
Area 
(%) 
1  28800.01 13.47 19782.81 9.73 36048.75 17.17 50623.7 24.52 
2 47416.47 22.24 28676.37 13.38 32601.56 15.67 41315.29 20.01 
3 47481.49 23.28 41372.74 20.22 28020.80 13.60 20716.52 10.04 
4 53606.88 25.89 56509.8 27.40 61309.77 29.71 45421.28 22.00 
5 29965.88 14.62 60929.47 29.27 49411.53 23.85 49634.84 24.04 
Total 206435.8 100 206435.8 100 206435.83 100 206435.8 100 
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of about 1.15% per year.  This correspond to a loss of about 20% of total arable area in Sudan 
over the last two decades in line Elnagheeb and Bromley, (1992) and Mahgoub, (2014) state 
that agriculture in Sudan has failed to meet the needs of food security. This situation is a 
result of interconnected and interrelated natural circumstances, such as fluctuating weather 
conditions, erratic rainfall, manmade reasons e.g. lack of political stability, weakness of 
government administrative, and implementation capacity and the low priority assigned to 
agriculture in the allocation of resources. 
Figure 7.8 shows the classified imagery and visual comparison between the previous image 
MSS 1972 and the later image TM 1987 with notable visual differences in LULC distribution. 
The results observed a remarkable change to which the classification of TM 1987. Location 
A1 shows that there was a conversion from woodland dominated by high-density mesquite 
trees and from grass and shrubs dominated by less density mesquite trees into a mainly 
stabilized fine sand and also to mobile sand. There was also a drastic change of LULC types 
in location B1 where conversion from grass and shrubs dominated by less density of mesquite 
trees to clear bare and cultivated land and small areas of the mobile sand, as well as in 
location C1 from mixed areas of woody land and shrubs dominated by mesquite trees to 
totally bare and cultivated land. Location D1 shows the drastic conversion of cultivated land 
mixed with some areas of grasses and shrubs to stabilized fine sand and mobile sand in D2 in 
1987. These patterns of conversion and change may have occurred as a result of an increase of 
stabilized and mobile sand due to the period of drought from which the region suffered during 
the 1980s of the last century and which was drought revealed of Sahelian (Ayoub, 1999). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig.7.8: Visual comparison of image classification results between MSS1972 and TM1987 
A1 
A2 
B1 B2 
C2 C1 
D2 D1 
  Woodland dominated by dense mesquite trees  Grass and shrubs dominated by less dense mesquite trees 
  
Bare and cultivated land (clay soil)
  
Stabilized fine sand
  
Mobile sand
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Figure 7.9 shows some visual interpretation results via comparision of classes results for the 
period from 1999 and 2010. There are remarkable visually detectable changes of LULC 
classes such as in location A1 which in 1999 represented an area fully covered by grass and 
shrubs dominated by both high and low density of mesquite trees, and was converted into bare 
and cultivated land and sandy land as higher land by deposition in location A2 in 2010. There 
was also change of LULC classes from stabilized sand (location B1) in 1999 to woody land 
and grassland dominated by mesquite trees as well as mobile sand areas (location B2) in 2010. 
In contrast, there was a huge conversion from bare land (location C1) in 1999 to sandy land 
(location C2) in 2010, as well as a multible huge conversion from bare and cultivable land 
(location F1) to woodland and mobile sand as in (location F2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 7.9: Visual comparison of image classification results between ETM1999 and ASTER 2010 
location E1 in 1999 represents bare and cultivated land mixed with a few spots of woodland, 
and was converted totally to woody land and grasses dominated by mesquite trees and mobile 
sand (location E2) in 2010, while location D1 is covered by stabilized sand in 1999 and was 
converted into woody land dominated by high densily of mesquite trees and mobile sand areas 
(location D2) in 2010. Particularly there occurred dramatic change from sand towards 
vegetation cover (along the Gash river), which is characterized by full coverage of stabilized 
sand in 1999, and total conversion to woody land dominated by mesquite trees in 2010 (figure 
7.9). Figure 7.9 shows that a lot of areas under bare and cultivated land were converted into 
either woody land and grass and shrubs dominated by mesquite trees or sandy lands as a result 
of mismanagement of natural resources and the diversity of climate factors from the region 
suffered during the period of the study. The fieldwork and results of survey revealed that 
some of the land degradation was due to the bad management such as wrong scheduling as 
well as misuse and unequal distribution of irrigation water. Show that the irrigation water runs 
outside the scheme when there was urgent need for irrigation of the scheme and due to these 
losses, some from water spots were occupied by full colonies of mesquite trees and degraded 
land has been formed. The status shows clear signs of land degradation. The results also show 
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that the dense woody land, grass, and shrubs were decreased in 1987 and then increased in 
1999 and 2010 (table 7.1 and figures 7.8 and 7.9). The possible reasons could be that in 1987 
once again an area was suffered by severe drought (Ayoub, 1999). As the study research is 
based upon imagery of the dry season, therefore the spectral reflectance of the dry vegetation 
is constrained by the spectral reflectance of the soil, particularly the sandy soil. This is evident 
in arid environments, which are characterized by sparse and heterogeneous vegetation cover. 
Heterogeneity in arid environments is considered a major problem in remotely sensed 
determination of the vegetation cover. 
7.6.2 Accuracy assessment of pixel-based classification   
The classification results achieved by pixel-based approach are shown in table 7.2 and figures 
7.8 and 7.9. The confusion matrix was created by comparing error values for each classified 
class with its respective value in the ground truth data (appendices 7.1, 7.3, 7.5 and 7.7). The 
ground truth points used for accuracy assessment for the thematic classification compined a 
randomly number of 150 points. Accuracy assessment was performed using ERDAS 
IMAGINE (table 7.2 and appendices 7.2, 7.4, 7.6 and 7.8).  
Table 7.2: A comparison between producer´s and user`s accuracy % of LULC classification from 1972 to 2010 
based on pixel-based classification 
Classes  MSS 1972 TM 1987 ETM+ 1999 ASTER 2010 
Producer´s 
accuracy 
user`s 
accuracy 
Producer´s 
accuracy 
user`s 
accuracy 
Producer´s 
accuracy 
user`s 
accuracy 
Producer´s 
accuracy 
user`s 
accuracy 
1 89 89 100.0 75.0 84.0 77.8 100 95.83 
2 83 87 70.0 77.8 66.7 80.0 93.3 79.6 
3 90 74.3 85.7 81.1 64.0 100.0 91.3 93.55 
4 84 84 87.0 83.3 96.0 80.9 91.12 85.8 
5 90 89 71 87.6 45.45 83.3  77.3 85.00 
Overall 
Accuracy 
87.0 81.3 82.7 90.3 
Kappa 0.79 0.80 0.80 0.89 
Where: 1: Woodland dominated by dense mesquite trees, 2: Grass and shrubs dominated by less dense mesquite trees, 3: 
Cultivated and bare land (Clay soil), 4:  Stabilized fine sand 5: Mobile sand. 
 
Landis and Koch (1977), Shi (1994) and Lu et al., (2005) stated that the high value of the 
Kappa coefficient indicates a higher reliability of classification results. However, the 
characterized agreement for the Kappa coefficients is as follows: values larger than 0.79 
represent an excellent agreement, values between 0.60 and 0.79 stand for substantial 
agreement and values of 0.59 or less indicate a moderate or poor agreement.  
The results of accuracy assessment show a lower producer accuracy recorded for the class of 
grass and shrubs dominated by less dense mesquite trees in 1972 and 1987 explicity recorded 
as 83% and 70% respectively. Because discriminating grasses and shrubs from woodland 
dominated by mesquite trees experienced difficulties in some areas leading to 
misclassifications due to mixed spectral reflectances between the three lyers of vegetation 
cover. In contrast a higher producer accuracy was recorded for bare and cultivated land and 
mobile sand (90% in 1972) as well as woodland dominated by dense mesquite trees class 
(100% in 1987) (table 7.2). A lower producer accuracy in 1999 was recorded for the mobile 
sand class (45.45%) due to the mixture of spectral reflectance between mobile sand and 
stabilized fine sand or due to an increase of both classes of woodland, shrubs and grass 
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dominated by mesquite trees of the expense of the mobile sand class. This led to an increasing 
spectral reflectance (signature) of vegetation more than the spectral reflectance of sand, 
resulting in reduction of producer accuracy of mobile sand class. The highest producer 
accuracy in (1999) was scored by stabilized fine sand (96%). The lowest producer accuracy 
was recorded in imagery of 2010 for mobile sand class (77.3%), which may be due to more 
overlapping between this class and stabilized fine, while the highest producer accuracy in 
2010 was recorded by woodland dominated by dense mesquite trees (100%). Generally, the 
misclassifications between LULC classes, often due to the spectral similarity, can some extent 
be related to the nature of the scene to be classified, such as scene heterogeneity and ground 
sampling, or to the presence of mixed pixels in the source data (Gao, 2009 and Zakaria, 2011).  
In contrast, the results detected that the highest user`s accuracy in 1972 was recorded by both 
woodland dominated by dense mesquite and mobile sand (89%) respectively while the lowest 
user`s accuracy was recorded by bare and cultivated land (74.3%). On the other hand, 
woodland dominated by dense mesquite trees shows the lowest user`s accuracy (75% and 
77.8%) in 1987 and 1999 respectively while the highest user`s accuracy was scored by mobile 
sand (87.6%) in 1987 as well as by bare and cultivated land (100%) in 1999. In the 2010 data, 
the highest user`s accuracy (95%) was recorded by woodland dominated by dense mesquite 
trees while the lowest user`s accuracy (79.6%) was recorded by grass and shrubs dominated 
by mesquite trees class (table 7.2).   
The overall classification accuracy achieved by the ASTER image is 90% and Kappa is 89%. 
However, some classes performed better than others did. The lowest accuracy has been 
observed in mobile sand class (77%) and (85%) in producer’s and user’s accuracies 
respectively. On the other hand the overall accuracy obtained in this study which gained from 
imagery of 1972, 1987, 1999 and 2010 was 87%, 81%, 82% and 90%, respectively, which is 
relatively higher than comparing to the findings of Pereira, (2004) in Mozambique (about 
53%) for eight LULC using ASTER imagery. Furthermore, Marcal et al. (2005) found 
classification accuracies ranging from 44.6% to 72.2% using different classifiers for ASTER 
data in Portugal, while accuracy reported by Aynekulu et al. (2008) in Ethiopia reached 80% 
and up to 83.2% in Turkey as reported by Yüksel et al. (2008 and Elgubshawi, (2008). 
Therefore, the reasons for not achieving better classification accuracy in the result of any 
study might be due to difficulties of having a distinction between classes. Moreover, the 
approaches of classification depending on vegetation species might introduce a better 
classification accuracy as well as using more than one technique will support the accuracy 
results.  
The overall kappa coefficient is for the imagery of 1972, 1987, 1999 and 2010 were in the 
range of agreement 0.79, 0.80, 0.80 and 0.89 respectively, which represents substantial and 
excellent agreements for the difference between the actual agreement in the error matrix and 
the change agreement (Persello & Bruzzone, 2010; Mararakanye et al., 2012; Hanno, 2013). 
7.7 Object oriented analysis of LULC distribution in the GAS 
The presentation of results of object-oriented classification is divided into three categories 
such as segmentation, classification and accuracy assessment. The results of segmentation of 
the ASTER change are shown in figures 7.10 and 7.11, in contrast to the original image 
before segmentation using different scale parameters of segmentation were set such as color, 
shape, compactness, and smoothness. The results show that the segmentation by the usin scale 
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of 150 provides too many small groups of objects (figure 7.10) compared to the results of 
using scale 50 and 30 (figures 7.10 and 7.11). By visual comparison, it was found that the 
scale parameter of 30 is the best to generate the object segmentation and provides satisfactory 
results and high level of information details for the extraction of suitable features for 
classification. Subsequently more than 10.000 objects per image have been selected. It can be 
realized that the smaller scale increases the dimensionality and dividing the object into the 
sub-groups while the larger scale combines the multi-segments (figures 7.10 and 7.11). 
Therefore, the quality of classification is directly affected by the segmentation quality because 
the evaluation of the classification to compare the suitability of the algorithms based upon the 
resulting quality of segmentation (Neubert et al., 2006). 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Fig. 7.10: Image segmentation with colour 0.9, shape 0.1, compactness 0.5 and smoothness 0.5  
(A) ASTER original image (B) scale 150. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  7.11: Image segmentation with colour 0.9, shape 0.1, compactness 0.5 and smoothness 0.5 
 (A) scale 50 (B) scale 30. 
7.7.1 Distribution of LULC based on object oriented classification     
Finally, visual assessment by the user is requested and probably the most commonly used 
supervised evaluation strategy for the extraction of suitable features in order to improve the 
A B 
A B 
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classification quality and permit the best separation between the LULC classes, Padraig et al., 
(2010). Many possible combinations were applied such as brightness from mean layer values, 
which has given the best visual results, and membership function threshold method that was, 
applied manually using the sample editor windows to allow the assignment and separability of 
classes according to the membership threshold degree that performed much better than crisp 
threshold values (table 7.3).  
Nearest neighbuor classifier combined with membership threshold function was selected for 
fuzzy classification. The degrees of membership depend on the degree to which the objects 
fulfill the describing class condition (Geneletti and Gorte, 2003). The classifier is similar to 
supervised classification and hence training areas have been selected carefully depending on 
the field knowledge. The classification produces LULC classes which have been derived 
according to the field work in the site training samples and in concordance like pixel-based 
ML classifier explicitly; woodland dominated by dense mesquite trees, grass and shrubs 
dominated by less dense mesquite trees, bare and cultivated land (clay soil), stabilized fine 
sand and mobile sand (table 7.4 and figure 7.12). The results of all possible combinations for 
the separation of LULC classes are presented in table 7.3 in order to increase the classification 
quality and permit best separation between these classes. Therefore, all objects in woodland 
dominated by dense mesquite trees class could be easily separated from those in the grass and 
shrubs dominated by less dense mesquite trees class when the threshold values for feature 
brightness were selected between 2590 - 4094  to woodland dominated by dense mesquite 
trees. Otherwise, all brightness objects with thresholds greater than 4094 should be assigned 
to grass and shrubs dominated by less dense mesquite trees class. Therefore, all other 
brightness thresholds for separation between the other LULC classes regarding imagery 1987, 
1999, and 2010 should be interpreted in the same way (table 7.3). 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig.7.12: LULC classification based on object-oriented analysis classification from 1972-2010. 
1972 1987 1999 2010 
Woodland dominated by dense mesquite trees 
Grass and shrubs land dominated by less dense mesquite trees 
Bare and cultivated land (clay soil) 
Stabilized fine sand 
Mobile sand 
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Table 7.3: Membership function threshold for each LULC class 
 
 
 
 
 
 
 
Table 7.4: Distribution of LULC derived from maps based on object-oriented classification during the period 1972-
2010 
 
Whereas: 1= Woodland dominated by dense mesquite trees, 2= Grass and shrubs dominated by less dense mesquite trees, 
3= Bare and cultivated land (clay soil), 4= Stabilized sand and 5= Mobile sand.  
7.7.2 Accuracy assessment based on object oriented classification  
The results of overall, users’ and producer’s accuracies for LULC classification by object-
oriented classification during the period 1972 to 2010 associated with overall kappa statistics 
using the error matrix are presented in table 7.5 and appendices 7.1-7.8. The results shows 
that the overall accuracy of image classification during the periods of 1972, 1987, 1999 and 
2010 is 80%, 88%, 89% and 87% respectively while the overall kappa is 0.70, 0.80, 0.85 and 
0.84 respectively. A more distinct the analysis of the producer’s accuracy for ASTER 2010 
ranges from 76% to 92% while the user’s accuracy ranges from 81% to 93%. The results 
show that the highest producer’s accuracy (92%) scored by woodland dominated by mesquite 
trees while the lowest producer’s accuracy is 76.3% scored by bare and cultivated land. 
However, some classes perform better than others did. The reason for the weak producer’s 
accuracy (77.3%) for the mobile sand class in 2010 is likely due to the lack of clear and 
distinct spectral reflectance (signature) which is discrete and separable from stabilized fine 
sand. Therefore, confusion due to similarity of their spectral reflectances occurs. The results 
reveal that the highest user’s accuracy is recorded with 93.8% and 93.6%, by both woodland 
dominated by mesquite trees class and bare and cultivated land while the lowest user’s 
accuracy is 81.6% for grass and shrubs dominated by mesquite trees in 2010. The results also 
prove that the highest values accuracies are provided by the ASTER image, due to its a higher 
resolution -(15m) – compared to the slightlylower resolution of Landsat  imagery used in this 
class Membership function threshold 
1972 1987 1999 2010 
1 2590 – 4094 4000 - 6987 5506 - 9927 6045 - 9415 
2 4098 – 4588 6988 - 7591 9927 - 11275 9415 - 9926 
3 4590 – 5759 7592 - 8598 11275 - 12704 9926 - 10510 
4 5762 – 5939 8599 - 9098 12704 - 13199 10510 - 11142 
5 5940 – 6780 9099 - 1104 13199 - 15806 11143 - 13016 
LULC 
classes  
1972 1987 1999 2010 
Area 
(Ha) 
Area 
(%) 
Area 
(Ha) 
Area 
(%) 
Area 
(Ha) 
Area 
(%) 
Area 
(Ha) 
Area 
(%) 
1 28821.01 13.91 19782.81 8.53 36048.75 15.78 50623.7 24.37 
2 47411.55 22.88 29276.37 12.62 32601.56 14.27 41315.29 19.89 
3 47482.1 22.91 49309.74 21.26 27020.8 11.83 20716.52 9.97 
4 53600.88 25.86 63929.34 27.56 63309.77 27.72 45421.28 21.87 
5 29930.88 14.44 69672.47 30.04 69411.53 30.39 49634.84 23.90 
Total 206435.8 100 206435.8 100 206435.8 100 206435.8 100 
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research. Thus, it is confirmed that the object-oriented approach is more officiant and closely 
related to high-resolution imagery. 
Table 7.5: Producer´s, user`s, overall accuracies and kappa coefficient for the LULC classes based on object-
oriented from 1972 - 2010 
Classes  MSS 1972 TM 1987 ETM+ 1999 ASTER 2010 
Producer´s 
accuracy 
user`s 
accuracy 
Producer´s 
accuracy 
user`s 
accuracy 
Producer´s 
accuracy 
user`s 
accuracy 
Producer´s 
accuracy 
user`s 
accuracy 
1 80 84.2 90 90 89 89 92 93.8 
2 61 77.8 81 77.8 90 90 86.3 81.6 
3 66.7 87 90 82 84 87.5 76.3 93.6 
4 80 61.5 87 90 92 80.8 85.2 83.8 
5 75 66.7 89 87.6 85.3 83 77.3 85 
Overall 
Accuracy 
80 88.06 89.06 87.3 
Kappa 0.70 0.80 0.85 0.84 
 
Whereas: 1= Woodland dominated by dense mesquite trees, 2= Grass and shrubs dominated by less dense mesquite trees, 
3= Bare and cultivated land (clay soil), 4= Stabilized sand and 5= Mobile sand.  
Despite the high score of classification accuracy gained by using object-oriented approach in 
this study, there are still some (flaws) apparenet after analyzing the error matrix. This 
corresponds e.g. to results of Mhangara, (2011) who detected some errors by using the error 
matrix, which refer with differences in spatial resolution of images when using object-
oriented classification. 
7.8 Comparison of object-oriented and pixel-based classifications 
Pixel-based and object-based approaches were successfully applied to extract thematic 
information about LULC in the study. A comparison of the LULC results shows the 
qualitative differences between the classifications for the ASTER image (figure 7.13). The 
main difference between the two approaches are based upon the fact that the object-oriented 
neglects the pixel as the classification unit in the image while using the segments objects for 
this purpose.  
 
 
 
  
 
 
 
 
 
 
 
 
  
Fig.7.13: Comparision between pixel-based classification (left) and object-oriented classification (right).  
ASTER image 2010. 
Woodland dominated by dense 
mesquite trees 
Grass and shrubs land dominated by 
less dense mesquite trees 
Bare and cultivated land (clay soil) 
Stabilized fine sand 
Mobile sand 
152 
 
Thus, in the object-oriented approach, the basic processing classification unit is segments and 
the classification is based on fuzzy logics (sub-pixel) with the membership function threshold 
used to express the objects, which subsequently determine the final classification. The degree 
of the membership depends on the objects, which fulfill the class. While the pixel-based 
classification depends on the pixels as the defining unit in the image, the basic processing 
classification unit is training samples, and the classifier method selected is MLC for deriving 
the LULC classes. Moreover, some pixel-based classifications, like MLC, are generally using 
a crisp classification system (Jensen, 2005). Therefore, the pixel-based approach creates 
individual pixels or group of pixels while the object-based approach creates multi-pixel 
features (table 7.6). The comparison of both approaches based on the outputs for the four  
multi-spectral satellite images of MSS 1972, TM 1987, ETM+ 1999 and ASTER 2010 
regarding the evaluation of corresponding accuracy (overall, kappa coefficient, user’s and 
producer’s accuracies) and the distribution of LULC classes in the study area.   
Table 7.6: Attributes used for both classification approaches 
 
7.8.1 Comparison based on LULC classes derived by pixel-based and object-oriented approaches  
Classified imagery in both classifications approaches consists of the same five LULC classes. 
The comparison in this context focuses on the results of areas percentage for the classified 
LULC classes per data for each year (table 7.7).  The results in table 7.7 shows that woodland 
dominated by dense mesquite trees (1), Bare and cultivated land (3) as well as stabilized fine 
sand (4) classes are more or less classified with similar area of coverage by both approaches 
of classification in the MSS 1972 image. While it can be observed that grass and shrubs 
dominated by less dense mesquite trees (2) as well as mobile sand (5) classes are larger in 
pixel-based than in object-oriented classification. The pixel-based approach is more effective 
with imagery of medium or less resolution. 
Table 7.7: Comparison between LULC classes derived by pixel-based and object-oriented classifications during 
the year 1972  
 
 
 
 
 
 
Regarding the comparison between both approaches for TM 1987, the results in table 7.8 
show that the areas of woodland dominated by dense mesquite trees as well as grass and 
shrubs dominated by less dense mesquite trees are a slightly larger in pixel based 
classification, while stabilized fine sand and mobile sand is relatively similar in both 
approaches of classification. The results indicate that bare and cultivated land is apparently 
less represented in pixel-based classification. This may be due to the fact that pixel-based 
Approaches  Color/ spectral Form/ shape Area/ size Texture context 
Pixel-based        x       x  x  x 
Object oriented       
LULC 
Classes 
1972 
Pixel based  Object oriented 
Area (ha) Area 
(%) 
Area (ha) Area 
(%) 
1 28800.01 13.47 28821.01 15.99 
2 47416.47 22.24 47411.55 17.99 
3 47481.49 23.28 47482.1 26.97 
4 53606.88 25.89 53600.88 28.09 
5 29965.88 14.62 29930.88 9.99 
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classification often fails to classify pixels, particularly in land cover, which is spectrally 
homogeneous, such as bare and cultivated land. Therefore, object-oriented classification 
successfully resolves many issues of the pixel-based classification and aid to improving 
classification by combining spatial object information to achieve visually consistent results 
(Xiaojiang et al., 2013). Finally, the thematic resolution of the classification is less affected 
when the object-oriented classification is used to produce maps of high accuracy (Shao and 
Wu, 2008; Mhangara, 2011; Mustafa, 2015). 
Table 7.8: Comparison between LULC classes derived by pixel-based and object- oriented classifications for TM 
image 1987  
 
 
 
 
 
 
 
 
 
 
Table 7.9 shows the results of comparison between pixel-based and object-oriented 
classification for the image of 1999. The results indicate that most of the classes are more or 
less classified with similar area of coverage by both approaches of classification except the 
mobile sand class, which is larger by object oriented. Which is due to the grouping of pixels 
in object that decreases the variance within the same land cover type by averaging the pixels 
within the objects, which prevents the significantce of other elements that effect in pixel-
based classification (Laliberte, et al., 2004). 
Table 7.9: Comparison between LULC classes derived by pixel-based and object- oriented classifications for 
ETM+ image 1999 
 
 
 
 
 
 
The results of comparison between pixel-based and object-oriented classification regarding 
distribution of LULC classes for ASTER image 2010 is presented in table 7.10 and figure 
7.14. The results show that the woodland dominated by dense mesquite trees and grass and 
shrubs dominated by less dense mesquite trees classes are classified with similar areas of 
coverage by both approaches of classification while the mobile sand class is lower by pixel-
based comparing to object-oriented. The results show that the bare and cultivated land and 
stabilized fine sand classes are lower by object oriented than by pixel-based. This is due to the 
discrimination of bare and cultivated land and stabilized fine sand classes were confused with 
other classes in object-based classification due to the similarity of pixel spectral information 
LULC 
Classes 
1987 
Pixel based  Object oriented 
Area (ha) Area 
(%) 
Area (ha) Area 
(%) 
1 19782.81 9.73 19782.81 6.03 
2 28676.37 13.38 29276.37 10.02 
3 41372.74 20.22 49309.74 26.26 
4 56509.8 27.40 63929.34 28.96 
5 60929.47 29.27 69672.47 30.04 
LULC 
Classes 
1999 
Pixel based  Object oriented 
Area (ha) Area 
(%) 
Area (ha) Area 
(%) 
1 36048.75 17.17 36048.75 15.48 
2 32601.56 15.67 32601.56 13.27 
3 28020.80 13.60 27020.8 10.03 
4 61309.77 29.71 63309.77 26.72 
5 49411.53 23.85 69411.53 34.39 
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between the classes. Furthermore, the object-oriented classification approach cannot be used 
effectively with a lower resolution imagery. Therefore, the object-oriented classification 
approach is becoming more suitable for mapping when dealing with high-resolution imagery. 
Table 7.10: Comparison between LULC classes derived by pixel-based and object-oriented classifications for the 
ASTER image 2010 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Whereas: 1= Woodland dominated by dense mesquite trees, 2= Grass and shrubs dominated by less dense mesquite trees, 3= Bare and 
cultivated land (clay soil), 4= Stabilized sand and 5= Mobile sand.  
Fig.7.14: LULC classes derived by pixel-based and object-oriented classification in the year 2010 
As mentioned in the literature by many scientists and researchers that, the object-oriented 
application with a lower resolution does not have the ability to detect the very fine change of 
LULC, while the pixel-based is a probability for that. However, lower spatial resolution 
imagery is assumed not to provide detailed attribute characterizations, which leads to 
confusing results in most cases. Therefore, an implicit assumption of the object-oriented 
literature is that the analysis and classification based on contiguous segmented homogeneous 
pixels (i.e. image objects) is more accurate than pixel-based methods with high spatial 
resolution because the objects efficiently suppress this local variability in the final thematic 
map product (Johansen et al. 2009; Kim et al., 2011). 
7.8.2 Comparison based on accuracy assessment between pixel-based and object-oriented 
classifications 
Table 7.11 shows a side-by-side comparison of results of LULC classification for both pixel-
based and object-oriented approaches. The comparison was based on overall, producer’s and 
user’s accuracies and Kappa statistic. The results indicate that the overall accuracy has been 
improved from 80% and 87% by object oriented to 87% and 90% by pixel-based 
LULC 
Classes 
2010 
Pixel based  Object oriented 
Area (ha) Area 
(%) 
Area (ha) Area 
(%) 
1 50623.7 24.52 50623.7 26.07 
2 41315.29 20.01 41315.29 22.05 
3 20716.52 10.04 20716.52 2.07 
4 45421.28 22.00 45421.28 15.06 
5 49634.84 24.04 49634.84 35.09 
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classification during the years 1972 and 2010 respectively, as well as improved from 81% and 
82% by pixel based to 88% and 89% by object-oriented approach in the years 1987, 1999 
respectively. The result shows that the object-oriented classification can produce satisfying 
results of accuracy assessment, the reason is that due to the meaning image objects (segments) 
not a single pixel can offer important semantic information, which is necessary to interpret an 
image.  
 
 
 
 
 
 
 
Fig.7.15: Comparison of producer’s accuracy between pixel based and object based classification for ASTER 
2010. 
The results provide that the pixel-based classification have a marginally better than the object 
based with an overall kappa of 0.79 compared to 0.70 scoring by object-oriented approach for 
the MSS 1972 image, while Kappa of 0.80, is recorded for both pixel-based and object-
oriented approach for the MSS 1987 image. The results revealed that the object-oriented 
approach records the highest kappa (0.85) compared to 0.80 by pixel-based approach in the 
data of 1999, while the pixel-based approach records the highest kappa (0.89) compared to 
0.84 by object-oriented classification for the year 2010 data (figures 7.15 and 7.16). However, 
Jensen, (2005) suggested that, when the Kappa statistics overall value higher than 80%, a 
strong agreement is evedent, between 40% and 80% a moderate agreement and with less than 
40% a poor agreement exists. However, by the object-oriented approach the Kappa values 
0.70% and 0.80% for 1972 and 1987 images respectively, which represented a moderate 
agreement, and values 0.85% and 0.84% for 1999 and 2010 images suggest a strong 
agreement. The pixel-based classification shows a kappa of 0.79% for MSS 1972 as well as 
0.80% for 1987 and 1999 images respectively, which suggests a moderate agreement, except 
for ASTER 2010 with a value above 80% indicating strong agreement. Thus, strong 
agreements were achieved by object-oriented approach while more or less strong and 
moderate agreements were observed in pixel-based approach, which means that the object-
oriented technique is a better classification approach obtaining higher accuracies. The result 
indicates that the pixel-based approach records a higher producer’s accuracy (90%) in the bare 
and cultivated land for MSS 1972, while by object-oriented approach records (80%) in both 
woodland dominated by mesquite trees and stabilized fine sand respectively.  
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Whereas: 1= Woodland dominated by dense mesquite trees, 2= Grass and shrubs dominated by less dense mesquite trees, 
3= Bare and cultivated land (clay soil), 4= Stabilized sand and 5= Mobile sand.  
Fig.7.16: Comparison of user’s accuracy between pixel based and object based, for (ASTER). 
For TM 1987, the pixel-based approach records the highest producer’s accuracy (100%) in 
woodland dominated by mesquite trees, while by object-oriented approach 90% and recorded 
in both woodland dominated by mesquite trees and bare and cultivated land respectively. The 
results also show that the both approaches record the highest producer’s accuracy (96% and 
92%) in the bare and cultivated land, for pixel-based and object-oriented approaches 
respectively for ETM+ 1999 (table 7.11).   
For ASTER 2010 imagery, the results indicate that both approaches of classification record 
the highest producer’s accuracy (100% and 92%) in woodland dominated by mesquite trees 
class, for pixel-based and object-oriented approaches respectively. While, the pixel-based 
approach scoreded a highest producer’s accuracy than the object-oriented approach in most of 
LULC classes, except in mobile sand where both approaches record the similar producer’s 
accuracy (77%) as highlighted in table 7.11. Comparing the user’s accuracy in 1972, the 
results show that the pixel-based approach records a higher user’s accuracy in the most 
classes than the object-oriented, except in bare and cultivated land, which records highest 
(87%) while the pixel-base records a lowest (74%). While for TM 1987, the results detected 
that the object-oriented records a higher user’s accuracy (90%) in both of woodland 
dominated by mesquite trees and stabilized sand, comparing to 75% and 83% by the pixel-
based. Nevertheless, for TM 1987, both approaches scoreds more or less similar user’s 
accuracy in the other three classes (table 7.11).  For ETM+ 1999, the results showed that the 
higher user’s accuracy (100%) is recorded by pixel-based in bare and cultivated land 
comparing to (87%) recorded by object based, while the higher user’s accuracy 89% and 90% 
in woodland dominated by mesquite trees class and grass and shrubs dominated by mesquite 
trees respectively recorded by object-based (table 7.11). The results also show that the both 
approaches recorded similar user’s accuracy (80% and 83%) in stabilized fine sand and 
mobile sand respectively, while the pixel-based recorded a higher user’s accuracy (100%) in 
bare and cultivated land comparing to (87%) by object-oriented approach.  
In ASTER 2010 imagery, the results show that the pixel-based recorded a higher user’s 
accuracy (95%) in woodland dominated by mesquite trees versus to (93%) by object oriented. 
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Nevertheless, for ASTER 2010 the results observed that the both approaches records similar 
user’s accuracy in the most of other LULC classes.  
Table 7.11: Comparison between accuracy assessment of pixel based and object oriented during the period from 
1972 to 2010 
 
Whereas: 1= Woodland dominated by high dense mesquite trees, 2= Grass and shrubs dominated by low dense mesquite 
trees, 3= Bare and cultivated land (clay soil), 4= Stabilized sand and 5= Mobile sand. 
It can be also said that the comparison of the results of the accuracy assessment show that the 
pixel-based analysis attains often but not always a little higher overall accuracy, higher Kappa 
statistic and higher producer’s and user’s accuracies for most of the classified LULC classes, 
although the object-oriented sometimes show a higher accuracy. According to Stathakis and 
Vasilakos, (2006) image classification techniques, like neural network and object-oriented 
classification, are reported as improving the classification accuracy compared to pixel-based 
classification. Furthermore, one study conducted by Yan et al., (2006) in China using both 
classifications approaches for ASTER imagery, found that the LULC overall classification 
accuracy is 46.5 % for the pixel classification, while the accuracy was significantly increased 
to 83.3% for the object-oriented classification.   
Generaly, it can be mentioned that object-oriented approach suits successfully for reducing 
the spectral heterogeneity of LULC, and performing multi-scale analysis. Moreover, the 
results obtained from both classification approaches show systematic higher performance, but 
the object-oriented approache show less performance as expected. Nevertheless, the results 
show that the pixel-based approache performs better with the MSS 1972 imagery while 
object-oriented approache is better classicifation with ASTER 2010 imagery, which ensurs 
that the pixel-based approache is more effective when dealing with medium spectral 
resolution imagery, which is also proven in this study. This finding corresponds to Zakaria, 
(2011) who concludes that object-oriented image classification does not perform better than 
pixel-based image classification in mapping LULC classes in the Gum Arabic belt lands 
based on low spatial resolution satellite data such as MSS, does not seem to exert a noticeable 
impact on the improvement of the object-based classification accuracy. This is due to the 
fragmented and discontinuous spatial distribution of pattern of LULC by object-oriented 
approach.  
Class  Accuracy 
assessment 
MSS 1972 TM 1987 ETM+1999 ASTER 
 Approaches Pixel-
based 
Object 
oriented 
Pixel-
based 
Object 
oriented 
Pixel-
based 
Object 
oriented 
Pixel-
based 
Object 
oriented 
1 Producer  89 80 100 90 84 89 100 92 
User  89 84.2 75 90 77.8 89 95.8 93.8 
2 Producer 83 61 70 81 66.7 90 95.3 86.3 
User 87 77.8 77.8 77.8 80 90 79.6 81.9 
3 Producer 90 66.7 85.7 90 64 84 91.3 76.3 
User 74.3 87 81.1 82 100 87 93.6 93.6 
4 Producer 84 80 87 87 96 92 91.2 85.1 
User 83 61.5 83.3 90 80.9 80.9 85.8 83.8 
5 Producer 90 75 70.9 89 45.5 85 77.3 77.3 
User  89 66.7 87.6 87.6 83.3 83.3 85 85 
Overall accuracy 87 80 81.3 88.3 82.7 89.7 90.3 87.3 
KIA 0.79 0.70 0.80 0.80 0.80 0.85 0.89 0.84 
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7.9 Change detection and conversion matrix to estimate the changes in LU and land 
degradation 
The results of change detection between the classified imagery is presented in figure 7.17, 
representing an overview of change dynamics maps in three categories explicity; increased, 
decreased and unchanged. These maps provide only the distribution of the direction of change 
as general in the area. The results of the conversion matrices of LULC change during the 
period from 1972- 2010 is presented in table 7.12 and figure 7.17. For more information of 
details for the spatial location of changes including the identification of the nature of change, 
patterns, extent, and assessing the amount of change provides in the matrix of conversion for 
the three sub-periods of 1972-1987, 1987-1999 and 1999-2010 are illustrated in appendices 
7.1, 7.2, and 7.3. The result of the change detection analysis exhibits drastic changes of LULC 
patterns and trends of change which shows an increase of land degradation for the period of 
1987 to 1999 (drought period). The results reveal that there was a drastic change and a 
reciprocal conversion in LULC structure in the study area during the period from 1972 to 
2010. 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
                          
Fig.7.17: Change detection for (1972-1987), (1987-1999), (1999-2010) and (1972-2010) in the study area 
From table 7.12, in general the results of LULC change between 1972 and 2010, demonstrate 
that the LULC structure is composed of three categories such as; firstly, mesquite trees land 
include (woodland dominated by dense mesquite trees and grass and shrubs dominated by less 
dense mesquite trees) which occupied a total area of 36.12% in 1972 and 44.33% in 2010. 
Secondly, sand land include (stabilized fine sand and mobile sand) which were occupied an 
area of 38.39% in 1972 and 46.06% in 2010. Thirdly, cultivated and bare land, which 
occupied an area of 25.22% in 1972 and 10.21% in 2010. It is very clear that the first and the 
second categories increased during the period of the study at the expense of the cultivated and 
bare land category. Accordingly, bare and cultivated land decreased from 25.22% to 10.21% 
or approximately by more than 15% during the period from 1972 to 2010. Knowing that the 
bare and cultivated land is important land use in the GAS.  
On the other hand, the converted land from bare and cultivated land (CL3) to other LULC 
classes (32.55(CL1), 12.53(CL2), 11.24(CL4) and 38.16(CL5), which equal 94%. While the 
1972-1987 1987-1999 1999-2010 1972-2010 
0 8 164
Kilometers
Decreased 
Increased 
Unchanged 
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converted land from the other classes (9.32(CL1),10.90(CL2),9.04(CL4) and 19.64(CL5)) to 
bare and cultivated land (CL3) were equal to 48%, which means that this class has lost more 
than it gained, which explain the fact of decreasing the bare and cultivated land class during 
the period of the study.   
Table 7.12: Conversion matrix of LULC change in the study area during the period from 1972-2010 
Classes 1 2 3 4 5 Total 1972 
1 8501.05 7553.14 2646.74 5401.33 4285.78 28388.04 
29.95 26.61 9.32 19.03 15.10 13.62 
2 13260.80 12403.60 5100.05 7887.96 8123.12 46775.53 
28.35 26.52 10.90 16.86 17.37 22.50 
3 17292.81 6658.30 2930.33 5971.10 20271.45 53123.63  
32.55 12.53 5.52 11.24 38.16 25.22 
4 6920.32 10863.60 4430.99 15510.30 11275.42 49000.60 
14.12 22.17 9.04 31.65 23.01 23.82 
5 3643.21 4417.47 5970.03 10695.60 5672.23 30398.54 
11.98 14.53 19.64 35.18 18.88 14.57 
Total 2010 37819.19 48198.11 32018.14 50570.29 34833.00 206435.83 
Rate of occupancy% 24.04 20.29 10.21 22.02 24.04 100.0 
Rate of  variety % 76.51 -9.82 -59.52 -7.56 65.48  
Average annual rate (%) 2.01 -0.26 -1.57 -0.20 1.72  
Average annual rate (ha) 248.19 37.44 -555.41 41.31 116.70  
Where: 1: Woodland dominated by dense mesquite trees, 2: Grass and shrubs dominated by less dense 
mesquite trees, 3: Cultivated and bare land (Clay soil), 4:  Stabilized fine sand 5: Mobile sand. 
The results in table 7.12 show also a reciprocal conversion -from to- among the other class 
types. The converted land from woodland dominated by dense mesquite trees (CL1) to other 
LULC classes (26.61(CL2), 9.32(CL3), 19.03(CL4) and 15.10(CL5), which equal 70%. 
While the converted land from the other classes (28.35(CL2), 32.55(CL3), 14.12(CL4) and 
11.98(CL5)) to woodland dominated by dense mesquite trees (CL1) were equal to 87%, 
which means that this class has incresed more than decreased. Which explains the fact of 
increasing woodland dominated by dense mesquite trees class during the period of the study. 
This is due to negligence in addition to an increase of precipitation rate for the period of 2010, 
which facilitate the growth of invasive mesquite trees. The converted land from grass and 
shrubs dominated by less dense mesquite trees (CL2) to other LULC classes (28.35(CL1), 
10.90(CL3), 16.86(CL4) and 17.37(CL5) equals 73%. While the converted land from the 
other classes (26.61(CL1),12.53(CL3),22.17(CL4) and 14.53(CL5)) to grass and shrubs 
dominated by less dense mesquite trees (CL2) is equal 75%, which means that this class has 
gained slightly more than it lost. This due to the same reason of increasing of the woodland 
dominated by dense mesquite trees. The converted land from stabilized fine sand to other 
LULC classes (CL4) (14.12(CL1), 22.17(CL2), 9.04(CL3) and 23.01(CL5), equals 68%, 
while the converted land from the other classes (19.03(CL1), 16.86(CL2), 11.24(CL3) and 
35.18(CL5)) to stabilized fine sand (CL4) is equal 82%, which means that this class has 
gained more than it lost, this due to accumulation of fine sand, which comes during the Gash 
river flooding. The converted land from mobile sand to other LULC classes (CL4) 
(11.98(CL1), 14.53(CL2), 19.64(CL3) and 35.18(CL4), is equal 81%, while the converted 
land from the other classes (15.10(CL1),17.37(CL2),38.16(CL3) and 23.01(CL4)) to mobile 
sand (CL4) is equal 93%, which is due to more invasion of sand during the drought periods in 
the 1980s and 1990s, which was accumulated inside the scheme, in addition to fine sand 
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which comes during the Gash river flooding. The interpretation of other LULC conversions 
during the sub-periods of 1972-1987, 1987-1999 and 1999-2010, should follow the same way. 
The dynamics of LULC in the area are characterised by decrease and increase as; woodland 
dominated by dense mesquite trees increased from 13.62% in the year 1972 to 24.04% in 
2010, grass and shrubs dominated by less dense mesquite trees from 22.50% in 1972 to 
20.29% in 2010. The result of increase of mesquite trees in both classes is due to the weakness 
of the administration system of the scheme, to bad controlling, bad distribution of irrigation 
water and lack of transparency of land allocation and distribution, which results in a surplus of 
water accumulated in the form of swamps facilitating the growth, and spread of parasitic 
trees. Mobile sand areas have increased from 14.57% in 1972 to 18.88% which is due to the 
ability of moving sand from the neighbouring Nubian Desert particularly during the periods of 
drought in the 1980s, as well as fine sand which is coming with irrigation water by the Gash 
River during the the flooding period. The results indicate slight decreases in stabilized fine 
sand from 23.82% in 1972 to 22.02% in 2010. Which is due to increase of mesquite trees area 
that led to covered (hidden) some parts of stabilized sand and led to decreased the spectral 
reflectance of stabilized sand, which is led to misclassification of this class, and due also to 
the similar spectral reflectance of stabilized sand and mobile sand that led to misclassification 
as shown in figure 7.18.  
Most noticeable is the decrease in bare and cultivated land class during the period of the 
study. In general, the decrease in the bare and cultivated land is considered the main sign of 
land degradation in the study area. The annual rate of LULC change for each of three sub-
periods of 1972-1987, 1987-1999, 1999-2010 (appendices 7.1, 7.2 and 7.3), which represent 
the trends and the magnitude of changes (figure 7.19). The increase of woodland dominated 
by dense mesquite trees and mobile sand were is obvious during the entire of the study period, 
especially during the period from 1999 to 2010 where the woodland, grass, and shrubs 
dominated by mesquite trees classes were most noticeable. However, the results show the 
increase of the average annual rate of woodland dominated by dense mesquite trees during the 
entire of the study period, with a high increase during the period from 1987 to 1999, which 
confirms the fact that the precipitation has increased during this period.     
 
 
 
 
 
 
 
 
 
Fig.7.18: Mesquite trees invasion as well as stabilized fine sand in the study area (photograph taken by the 
author season 2010).   
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7.9.1 The change rate of LULC in the area 
The ability to forecast LULC change and ultimately to predict the consequences of change, 
definitely depends on the ability to understand the past, the present and future drivers of 
LULC change. The patterns of LULC change and land management are shaped by the 
interaction of economic, environmental, social, political and technological forces on local to 
global scales. Social factors are related to the use of the resources and the environment, 
among which are changing land tenure, land fragmentation, pressure on open grazing, land 
use conflicts, and deforestation as a result of over-cultivation, over-grazing and soil erosion, 
which leads finally to land degradation. 
In general, the results in figure 7.19 indicated that the reduction of woodland dominated by 
dense mesquite trees, grass and shrubs dominated by less dense mesquite trees and cultivated 
and bare land between 1972 to 1987 due to the fact that the drought that hit the region during 
this period. The consequences, sand invasion towards to the scheme, which led to decrease the 
vegetation cover as well as the cultivated areas. During the period of 1987 to 1999, it is 
obvious the increase of woodland dominated by dense mesquite trees as well as grass and 
shrubs dominated by less dense mesquite trees, while decreasing of mobile sand. This may be 
due to high amount of rainfall and flood of the Gash River during this period, with noticeable 
of continuous decreasing of cultivated and bare land as a result of more invasion of mesquite 
trees. Which reflects the weakness of the Gash scheme administration and its inability to 
remove the colonies of mesquite trees. During the period from 1999 to 2010, it is very 
obvious the continuous increasing of woodland dominated by dense mesquite trees and grass 
and shrubs dominated by less dense mesquite trees, while the cultivated and bare land and 
stabilized fine sand continuous to decreasing. In this period, the results indicated once again 
the increase of mobile sand, see figure 7.19. 
The rate of LULC change during the entire period from 1972 to 2010 indicates and confirms 
the continued shrinking of the cultivated and bare land, while continuing of increasing 
woodland dominated by dense mesquite trees and mobile sand. Which confirming more 
degradation in the area reflecting the great administrative negligence, which led the farmers to 
abandonment their lands and trend to the coal industry craft, cutting and selling wood 
construction (table 7.12 and figure 7.19). Therefore, the trends generally shows an increasing 
of degradation during 1972 to 2010. However, this change is non-linear, which is indicates the 
trend cyclic transitions of decline and more increase and recovery in-invasive mesquite trees 
as a vegetation cover. A more drastic decrease in cultivated and bare areas has been noted 
between 1972 and 2010, which representing an increasing of degradation trends in the study 
area over 38 years ago (table 7.13). 
However, in summary, it can be said, if the change continues in the study area over time at 
this rate, the degradation will take a big place as shown in the table 7.13. Moreover, long term 
of LC change detection is inherently difficult due to constraints imposed by vegetation cover 
(increase and decrease), seasonality and variability in inter - annual vegetation productivity 
and the other climatic fluctuation (Coppin et al., 2004). The overall results indicate that the 
environmental status of the study area is exposed endangered by increasing degradation 
trends. 
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Fig.7.19: Annual rate of change (%) of LULC classes in the study area during the period from 1972 to 2010. 
Table 7.13: Indictors of change trend of LULC showing that degradation is underway in GAS area 
 
7.9.2 The factors driving the LULC change in the study area 
Modeling and simulating LC change provide an important means of assessing future of LULC 
change and its relationship with driving forces (Lambin et al., 1994; Zhu et al., 2010). The 
main factors driving the LULC change are strongly related to a variety of problems, which 
affected the traditional rainfed and irrigated agriculture in the GAS such as constraints of 
traditional laws in the land allocations, land distributions, land leasing and irrigation water 
distribution as well as the weakness of administration system. Poor land fertility due to the 
accumulation and stabilizing of fine sand and lack of crop agricultural rotation, led to 
acceleration of land degradation. Furthermore, an increase of population due to the migration 
of refugees from the neighboring countries which led to the intensive use of the limited 
resources as well as overgrazing. Such scenario indicates an increase in land degradation if 
the current trends will continue in the study area. However, the main driving forces of land 
use changes in the study area are mainly increase of sand invasion and spread of mesquite 
trees as well as an inflow of refugees. In addition, climate variability such as drought that hit 
the region in the 1980s and 1990s have to be considered. 
Observations and results                                                                     1972                                2010 
Woodland dominated by dense mesquite trees                                                           increase 
Grass and shrubs dominated by less dense mesquite trees                            constant and increase  
Bare and cultivated land (clay soil)                                                                              decrease  
Stabilized fine sand                                                                                                       increase 
Mobile sand                                                                                                                   increase 
1972-1987 1987-1999 1999-2010 1972-2010 
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7.10 Interpretation of change vector analysis (CVA) 
The results of applying tasseledcap formation to MSS, TM, ETM+ and ASTER imagery to 
generate greenness and brightness components, which represent the direction and magnitude 
of change. The results of CVA classified imagery using MLC is presented in figure 7.20. Both 
approaches are used to monitor and measure magnitude and direction of change during the 
period from 1972 to 2010 in the study area. According to Johnson and Kasischke, (1998), the 
magnitude of change is measured as the Euclidean distance or length of the change vector 
from a pixel measurement at image 1 to corresponding pixel measurement at image 2 (figure 
7.21 left). While according to Lorena et al., (2002) the direction of change is measured as the 
angle of change vector from a pixel measurement at image 1 to the corresponding pixel 
measurement at image 2 (figure 7.21 right). 
 
 
 
 
 
 
 
 
  
 
  
 
 
 
 
   
Fig. 7.20: Classified images using MLC showing CVA classes from 1972 - 2010     
The results in table 7.14 indicate an increase in both greenness and brightness in class one, 
which is mainly related to bare land including a slight amount of vegetation, representing a 
direction to cultivated and bare land. Class two indicates an increase in greenness and 
decrease in brightness. It is mainly related to increase in vegetation, which represents the 
direction to woodland including mesquite trees and others such as shrubs and grass. While the 
third class is indicating either increase or decrease in both greenness and brightness, which is 
related to persistence area of transformation of woodland or bare and cultivated land or 
stabilized or mobile sand. Class four indicates an increase in brightness and decrease in 
greenness that is mainly related to loss of vegetation, which is strongly representing either 
stabilized or mobile sand.  
The results of applying the maximum likelihood classifier (MLC) to greenness and brightness 
outputs in order to calculate the quantitative amount of change is presented in figure 7.20 and 
table 7.15. Based on the visual comparison interpretation, intensive field survey and the 
author's expert knowledgeability it is possible to interpret the analysis. 
CVA 87-99 CVA 72-87 CVA 99-2010 
Persistence area Mesquite trees area Bare land Sand area 
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Fig. 7.21: Magnitude of change (left) and direction of change (right) for the change vector analysis 
Table 7.14: Possible change direction classes based upon greenness and brightness  
 
 
 
 
 
 
 
Table 7.15: Distribution areas (ha) and (%) of CVA classes during the periods from 1972-2010 
Where: MA: Mesquite area BL: Bare land    SA: Sand area    PA: Persistence area  
The results in table 7.15 and figure 7.20 indicate that the dynamic of change during the period 
from 1972 -1987 shows that the bare land apparent is highest (41.08%), when comparing to 
other LULC classes. The results indicate also that the mesquite trees area is the lowest amount 
(16.18%), which is strongly due to the drought that hit the area during this period, as well as 
due to invasion of sand. During the period from 1987 to 1999 the dynamic of change indicates 
an increase of mesquite trees area (36.78%), which is due to the increasing of the precipitation 
rates that subsequently rising the rates of Gash river floods, the negligence in optimum 
utilization of irrigation water and weakness of administration system. The results show a 
decrease in bare and cultivable land (33.75%) due to a larger expansion of mesquite trees on 
the expense of bare and cultivable land. From the period 1999 to 2010, the results prove a 
main signs of continuous expansion of both mesquite trees (40.32%) and sand land (30.22%) 
with continuous decrease of bare and cultivable land (10.32%), which reflects more 
degradation in the scheme due to intentional negligence and weakness measures of 
administrative. This is confirmed by Kamusoko et al. (2009) who indicate that future declines 
in cultivable land and increase in an invasive trees and sand land with severe implications for 
degradation and impacts on rural livelihoods in such type of semi-arid regions.  
Brightness Greenness Classes 
+ + Bare land 
- + Mesquite area 
  + -   + - Persistence area 
+  - Sand area 
Classes 
No 
1972-1987 1987-1999 1999-2010 
Area (ha) Area (%) Area (ha) Area (%) Area (ha) Area (%) 
MA 33369.75 16.18 75827.32 36.78 83184.26 40.32 
BL 84695.65 41.08 69576.71 33.75 38400.84 18.64 
SA 46509.42 22.56 34182.88 16.60 62321.25 30.22 
PA 41614.90 20.19 26486.06 12.87 22279.41 10.82 
Total 206435 100 206435 100 206435 100 
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Finally, it worth to mention that the CVA based on tasseled cap has the ability to detect and to 
measure both the magnitude and direction of change which occurred in the study area over 38 
years regarding to reforestation, deforestation, and degradation. 
7.11 Analysis of LULC using image transformation  
7.11.1 Multivariate alteration detection (MAD) 
The results of performing MAD using a cross matrix between every par of images (1972-
1987, 1987-1999, 1999-2010) which represent three sub-periods are presented in tables 7.16, 
7.17, and 7.18 and figures 7.22, 7.23 and 7.24. The visual interpretation of MAD change 
results, which performed, based on the correlation between the transformed variates of 
spectral bands and the original data. The correlation between MAD and the original data 
represented in tables (7.16, 7.17 and 7.18).  
Table 7.16:  Correlation matrix of MAD components with the original MSS1972 and TM1987 bands 
 
 
 
 
 
 
 
 
 
 
 
During the first sub-period from 1972-1987, the results show that MAD2 in MSS1972 
imagery records the highest positive correlation for band 2 (0.51) with a negative correlation 
of in TM1987 for bands 2 and 3 (-0.40). This significant correlation represents an indicator of 
soil (bare and cultivated land) change when comparing with MAD1 and MAD3. This due to 
the biggest exploitation of land for cultivation during this period, which led the areas of bare 
and cultivated land appear more dominant than vegetation areas. In addition, it is due to the 
drought, which affected the scheme during this period. MAD3 has recorded slightly lower, 
which shows a low correlation in all bands as an indicator of vegetation change. Nevertheless, 
during the period of 1987-1999, it is observed that MAD3 in TM has recorded the highest 
positive correlation (0.37) and negative correlation in ETM+ (-0.44) which is a significant 
correlation representing an indicator of vegetation. 
During the third sub-period from 1999-2010, the results indicate that MAD3 in ETM+ records 
the highest negative correlation (-0.64) and positive correlation in ASTER (0.58) which is a 
significant correlation indicator of vegetation.  
 
 
 
 
 
 
 
Original bands MAD1 MAD2 MAD3 
1972 
MSS1 -0.20     0.40 -0.22 
MSS2 -0.22  0.51 -0.38 
MSS4  0.09  0.40  0.34 
1987  
TM2 0.22 -0.40  0.12 
TM3 0.17 -0.40  0.16 
TM4 0.02  0.37 -0.29 
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Fig.7.22:  MAD components comparing with RGB for MSS1972 and TM1987 
Table 7.17: Correlation matrix of MAD components with the original TM1987 and ETM+1999 bands 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               
Fig.7.23:  MAD 1, 2 and 3 and RGB for 87-99 
This may be due to increasing of rainfall rates during this period, which is led to increas the 
amount of (vegetation) mesquite trees colonies and other scattered trees. The results also 
observed that MAD1 and MAD2 often recorded lowest correlations in all bands during sub-
Original bands MAD1 MAD2 MAD3 
TM 1987 
TM 2   0.12  0.04 0.31 
TM 3 -0.05  0.09 0.33 
TM 4  0.02 -0.30 0.37 
ETM+ 1999  
ETM+2  0.24  0.09  -0.36 
ETM+3  0.23 -0.16  -0.37 
ETM+4 -0.20 -0.30  -0.44 
Re-vegetation Decrease vegetation 0 8 164 Kilometers
MAD1 MAD2 MAD3 RGB 
Re-vegetation Decrease vegetation 
0 8 164
Kilometers 
MAD1 MAD2 MAD3 RGB 
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periods 1987-1999 and 1999-2010, which represented the lower correlations with original 
bands. These results are consistent and confirm with the results of Nori (2012) which used 
ETM (2000 and 2003) and ASTER 2006 for detection of land cover changes in El Rawashda 
forest, Sudan. The results observed that the white and black colors represented the positive 
and negative changes respectively when comparing with the original images.  
Table 7.18: Correlation matrix of MAD components with the original ETM+1999 and ASTER 2010 bands 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7.24:  MAD 1, 2 and 3 and RGB for 99-2010 
Accordingly, using visual interpretation, during the sub-period 1972-1987 in MAD2, It is very 
clear that the black color is more than the white color, which means that bare and cultivated 
land were the dominant class during this period. While it is very clear that the black color tone 
is less than the white color during the sub-periods 1987-1999 and 1999-2010, which means 
that the re-growth of vegetation strongly related to mesquite trees colonies and other scattered 
trees, was dominant during this period. 
7.11.1.1 MAD based on maximum autocorrelation factor (MAF)   
The results of the application of MAF (post-processing) of the MAD variation to images 
during the sub-periods of 1972-1987, 1987-1999 and 1999-2010, in order to find the 
maximum change areas with high spatial autocorrelation comparing with original bands of 
imagery (figures 7.25, 7.26 and 7.27). A probability mixture model based on an expectation-
maximization algorithm was applied to the MAD/MAF variates for determining the 
thresholds automatically. Besides, only two-change categories .e.g. (negative and positive) are 
modeled in each variation (Bruzzone and Prieto, (2000), Niemeyer et al. (2008). The results 
Original bands MAD1 MAD2 MAD3 
ETM+ 1999 
ETM+2   0.08  0.23  -0.35 
ETM+3  0.17  0.26   0.55 
ETM+4 -0.03 -0.25  -0.64 
Aster 2010  
Aster1 -0.05  -0.23 0.51 
Aster2 -0.14 -0.26 0.53 
Aster3  0.20  0.19 0.58 
Re-vegetation Decrease vegetation 
MAD1 MAD2 MAD3 RGB 
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show that the areas with a high spatial autocorrelation of MAD/MAF change appear very 
bright or very dark. Furthermore, the output of change information from all bands generated 
by MAD/MAF are relating to lower areas whereas the low order MADs are quite noisy. 
However, when comparing MAD/MAF RGB for the first three components during the three 
sub-periods, the results detecting the change of MAD/MAF RGB components are more 
clearly than the change detecting by MAD RGB components. These results in the findings are 
in line with Bashir, (2012) and Nori, (2012). Despite the comprehensive visualization, it is too 
difficult to label all the positive and negative change. Therefore, some of the changes have 
been detected among the sub-periods of the study using the decision threshold method. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7.25:  MAF/MAD 1, 2 and 3 comparing with RGB for 72-87 
During the period of 1972-1987, the results of MAD/MAF1 reveal that the positive change is 
greater rather than the negative change, which distributed inside the cultivable land while the 
negative changes are detected also inside and outside the cultivable land.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7.26: Automatic threshold of MAD/MAF components for 1972-1987  
MAD/MAF2 shwo apparently the greater positive change than negative, which is a maximum 
correlation related to bare land (figures 7.25 and 7.26) are confirms that the bare and 
cultivated land was larger than other LC in this period. MAD/MAF3 is apparent to the equal 
Where 
1. Woodland dominated by dense mesquite trees 
2. Grass and shrubs dominated by less dense mesquite trees 
3. Bare and cultivated land 
4. Stabilized fine sand 
5. Mobile sand 
 
Legend 
Change from class 2 to class 1  Change from class 3 to class 2  
No change 
change  
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change of positive and negative. The details of these kinds of changes are described by 
MAD/MAF threshold application in figure (7. 26). 
During the sub period of 1987-1999, the results reveal a positive change, which is distributed 
through different parts of the study area as well as an equal amount of negative change has 
been detected particularly inside the cultivable area in MAD/MAF1. While in MAD/MAF2, 
the results observed show more negative change inside and outside of cultivated area, as well 
as positive change particularly inside the cultivable land. MAD/MAF3 apparent shows the 
larger positive change than negative, which is a maximum correlation related to vegetation 
(woodland, shrubs and grass) (figure 7.27). More details about these kinds of changes are 
described by MAD/MAF threshold in figure 7.28. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                     
Fig.7.27: MAF/MAD 1, 2 and 3 and components as RGB for 87-99 
 
 
 
 
 
 
 
 
 
Fig. 7.28: Automatic threshold of MAD/MAF components for 1987-1999 
During the sub-period of 1999-2010, the results reveal that there is a positive change larger 
than the negative change detected by MAD/MAF1 as well as the same results were detected 
also by MADIMAF2 (figure 29). More details for these changes are shown in figure 7.30.   
It is worth to mention that this positive change in MAD/MAF3 represents an increase of 
vegetation, which is strongly related to increase of the invasive mesquite trees areas, which is 
0 8 164
Kilometers
MAD.MAF2 MAD.MAF3 MAD.MAF1 RGB 
Where 
1. Woodland dominated by dense mesquite trees 
2. Grass and shrubs dominated by less dense mesquite trees 
3. Bare and cultivated land 
4. Stabilized fine sand 
5. Mobile sand 
 
Legend 
Change from class 2 to class 1  Change from class 3 to class 1  
Change from class 3 to class 2  
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Change from class 5 to class 4 
Change from class 3 to class 5  
No change  
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considered the main sign of degradation in the study area. While the positive change in 
MAD/MAF2 represented the increase of sand area, which also cosidered a bad positive 
change that accelerated degradation in the study area.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 7.29: MAF/MAD1, 2 and 3 and components as RGB for 99-2010 
The type of changes during the sub-periods of 1972-1987, 1987-1999 and 1999-2010 by 
MAD/MAF threshold are shown in figures 7.26, 7.28 and 7.30. Finally, the results 
demonstrate the applicability to use MAD and MAD/MAF methods with multi-spectral 
satellite imagery and integration with MLC in the study of visualizing and assessing, 
analyzing, detecting and mapping the LULC change in the study area.   
 
 
 
 
 
                                                
                                                         
                                                         
                                                        
                                                         
                                                      
 
Fig. 7.30: Automatic threshold of MAD/MAF components for 1999-2010  
7.12 The analysis of LULC in the GAS area 
7.12.1 Land cover analysis based on vegetation 
The results of image analysis in this section are generated depending on the application of 
NDVI, SAVI, MSAVI, GSI and the traditional pixel-based classification. Indices were used 
as a key parameter for the assessment of vegetation, soil status, and the degradation state, as 
represented in figures 7. 31-7.39 and tables 7.22-7.27. 
Change from class 3 to class 1 Change from class 2 to class 1 
Change from class 3 to class 2 Change from class 5 to class 4 
Change from class 3 to class 5 Change from class 4 to class 2 
No change  
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7.12.1.1 Analysis of LULC in GAS based on NDVI threshold classification 
 
  
 
 
 
 
                
                       
 
 
      
 Fig.7.31: Vegetation comparison using NDVI maps from 1972 to 2010. 
The results in figure 7.31 show the vegetation areas generated by NDVI calculated for each 
image from 1972, 1987, 1999 to 2010, while table 7.19 shows the statistics of NDVI values 
during the period of the study from 1972 to 2010. The results reveal that the NDVI of image 
1999 recorded the high mean value (0.151), while for the image of 1972 recorded the lowest 
NDVI values in both of mean and minimum (-0.062 and -0.658) respectively. The ASTER 
image 2010 records the lowest minimum (-0.265) and lowest maximum (0.519) NDVI, while 
the image of ETM+1999 records the highest maximum value (0.668). The highest Stddev 
(0.346) records in image MSS1972, while the lowest Stddev (0.228) of NDVI records in 
image ASTER 2010. According to USGS, (2014) the NDVI values vary between -1.0 and 
+1.0, where the lower values of 0.1 and below corresponds to barren areas of rock, sand or 
snow, and the moderate value of 0.2-0.3 represents shrub and grassland, while the higher 
value of 0.6-0.8 indicates temperate and tropical rainforests. For this study, refer to the 
categorized ranges of NDVI values see appendix 7.9.  
Table 7.19: Statistical values of NDVI in the study area from1972 to 2010 
    
 
 
 
 
 
The results of application the MLC to the NDVI maps in order to calculate the amount of 
vegetation for each LULC as threshold values (figure 7.32 and table 7.20). The extracted 
NDVI values were categorized into five types of LULC classes in the GAS area depending on 
the NDVI values threshold classification, as shown in figures 7.33 and 7.34. Depending on 
threshold NDVI values (classified), it is easy to distinguish between the woodland, grasses 
and shrubs. However, the separation between these classes depends upon the advantages of 
NDVI in assessing the spectral contribution of green plants to multi-spectral observations and 
separation between vegetative and non-vegetative areas (Maselli et al., 1998). 
Image year NDVI 
Mean  Mini  Max  Stddev  
1972 -0.062 -0.658 0.534 0.346 
1987 0.127 -0.365 0.632 0.311 
1999 0.151 -0.353 0.668 0.286 
2010 0.139 -0.265 0.519 0.228 
0 8 164
Kilometers
1972 1987 1999 2010 
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     The green color represents vegetation (left and right) while the other colors represents non-vegetation 
Fig.7.32: Vegetation using NDVI (left) and classified threshold map using NDVI (right). ASTER image 2010 
The comparison between the classified images using MLC and the classified threshold using 
NDVI (figures 7.33 and 7.34). When using visual interpretation and comparison between 
classified image of MLC and NDVI, it is observes that there are some variations among the 
LULC classes distribution. This due to differences of NDVI imagery via two sensors systems 
of Landsat and ASTER, which are considered as multi-temporal. According to Halthore and 
Markham, (1992) and Zakaria, (2011) calibration of the remotely sensed data should be used 
to improve the monitoring of vegetation depending on biophysical processes inorder to reduce 
the effect of the multi-sensor and multi-temporal approaches. 
The results from table 7.20 indicate that the percentage values of the five classes in 1972 for 
both classification methods seems similar, except the bare and cultivable land class by NDVI 
(27.29), which appears a little higher than by MLC (23.28). The percentage of the same class 
by NDVI (7.04) is apparent a little lower than by MLC (10.04) in 2010. The results observed 
show that the significant trend to decrease of bare and cultivated land area and of both 
vegetation classes (woodland and shrubs and grass dominated by mesquite trees), while an 
increase of both sand land classes (stabilized and mobile) during the period of 1972-1987, is 
evedent, which underlines the fact that the region suffered of drought during this period. 
During the period of 1987-1999 a decrease of bare and cultivated land area continues, while 
an increase of both vegetations classes can be seen.  
Table 7.20: Comparison between NDVI and MLC for the classified images from 1972 to 2010 
 
 
 
 
 
 
 
 
 
Class 
No.  
Maximum likelihood classifier % 
1972 1987  1999  2010 
1  13.47 9.73 17.17 24.52 
2 22.24 13.38 15.67 20.01 
3 23.28 20.22 13.60 10.04 
4 25.89 27.40 29.71 22.00 
5 14.62 29.27 23.85 24.04 
Total 100 100 100 100 
Class 
No.  
                 NDVI% 
1972 1987  1999  2010 
1  13.42 7.20 20.15 27.70 
2 23.29 13.30 17.66 22.00 
3 27.29 22.12 10.90 7.04 
4 22.88 28.47 30.40 19.22 
5 13.60 29.20 21.30 25.00 
Total 100 100 100 100 
173 
 
The results also during the period of 1999 - 2010 show an increase of vegetation versus the 
decrease of stabilized sand land, which underlines the fact, that increase of rainfall rates 
during this period occured. It is also detected that a continued decrease of the bare and 
cultivated land area during the entire period of the study is evident, which is considered as one 
of the most serious indicators of deterioration of agricultural land (cultivated) in the study 
area (table 7.20). This result correspond to the results of Tucker, (1979) and Bayarjargal et al., 
(2006) who stated that many studies show that the NDVI can be a useful index for studying 
vegetation and ecosystems in semi-arid environments. In addition, the results of Tucker and 
Choudhury, (1987) and Bayarjargal et al., (2006) show that the NDVI can be used as a 
response variable to identify and quantify the drought disturbance in semi-arid and arid lands.  
 
 
 
 
 
 
 
 
 
 
 
 
  
    
 
 
 
Fig. 7.33: Classified maps of 1972 and 1987 using MLC and NDVI 
Actually, there is no difference between the percentages of coverage of the two classification 
methods. Therefore, it can be mentioned that the NDVI can be used as response variable to 
identify the drought disturbance in semi-arid lands, such as GAS area and allows for 
separation of vegetation from soil background. Figure 7.35 show the results of trend of 
change in LULC classes in the respective multi-spectral versus classified NDVI threshold and 
analysis, which reflects a similar dynamic variation during the period of the study. 
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Fig.7.34: Classified maps of 1999 and 2010 using MLC and NDVI 
 
 
 
 
 
 
 
 
 
Fig. 7.35: Trend of LULC comparison between classified MLC (A) and classified NDVI threshold (B)  
7.12.1.2 Analysis of LULC status based on SAVI 
The results of implementing SAVI to the four satellite imagesof the study area. MLC and 
visual interpretation are used to detect the differences between LULC distribution in the study 
area are presented in figure 7.36 and table 7.21. The results observed show a drastic reduction 
of vegetation in 1987 compared to the other images, which might be due to higher spectral 
values of soils containing both sand and bare land that is due to the drought in the region 
during this period. This an indicator of serious degradation in the study area in this period. 
During the period from 1972 to 1987, the results show a high impact affected of drought, 
which led to a reduction of the vegetation areas from 22.35% to 18.90%. The increase of 
sandy soil from 8.20% in 1972 to 12.46 in 1987, and from 7.73% in 1972 to 14.25% in 1987 
for both stabilized fine sand and mobile sand respectively. While during the period from 1987 
to 1999 the results show very clearly an increase from 18.90% to 20.21% and from 19.83% to 
0
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21.35%, for both woodland dominated by dense mesquite trees class, and grass and shrubs 
dominated by less dense mesquite trees class respectively, which is due to high precipitation 
rates and mismanagement of irrigation that lead to increase of vegetation amount during this 
period.  
An increase of vegetation during the period from 1999 and 2010 as a result of mesquite trees 
invasion is prove wit a percentage of 20.21% to 22.72% and from 21.35% to 23.03% for both 
classes of woodland dominated by dense mesquite trees and grass and shrubs dominated by 
less dense mesquite trees respectively. More creeping of sand towards in the scheme, even in 
the riverbed is reflected by degradation in the area. This result corresponds to Prince et al., 
(2001) who stated that, persistent reduction in productivity is an expression of degradation 
(land degradation eventually leads to desertification) and one of the means to investigate land 
degradation processes which are occurring.  
It is worth to mention that in this research many indices were used to detect the status of 
LULC change in the study area. However, the best among them for clearly viewing and 
highliting status and changes is SAVI.   
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 Fig.7.36: Classified maps of 1972, 1987, 1999 and 2010 using SAVI. 
Table 7.21: Distribution of areas percentage using SAVI   
 
SAVI 
Classes 1972 1987 1999 2010 
Woodland dominated by dense of mesquite trees 22.35 18.90 20.21 22.72 
Grass and shrubs dominated by less dense of mesquite trees 25.33 19.83 21.35 23.03 
Bare and cultivated land  36.39 35.10 30.08 25.05 
Stabilized fine sand 8.20 12.46 13.15 11.35 
Mobile sand 7.73 14.25 15.21 17.85 
0 8 164 
KilometersWoodland dominated by dense mesquite trees 
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Bare and cultivated land (clay soil) 
 Stabilized fine sand 
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7.12.1.3 Analysis of LULC status based on MSAVI 
Figure 7. 37 and table 7.22 represent the results of implementing MSAVI to the four satellite 
images in order to analyze the LULC status. Using MLC as threshold and visual interpretation 
to detect the amount among LULC in the study area, which were very clearly depicted by the 
original image generated by MSAVI and classified threshold images. The results observed 
show that a similar areas percentage of LULC during the period from 1972 to 2010, which 
detected by SAVI, while the results observed show that the percentage values of vegetation by 
SAVI are greater than by MSAVI. Nevertheless, MSAVI has the ability to reduce the 
background of bare soil better than SAVI, which apparent in the class of bare and cultivated 
land from 32.33% to 30.83% by MSAVI, while from 36.39% to 35.10% by SAVI during the 
period of 1972 -1987 as well asduring the period of 1999 and 2010.   
     
 
 
 
 
 
 
 
 
  
 
 
 
 
 
  
 
 Fig. 7.37: Classified threshold maps of 1972, 1987, 1999 and 2010 using MSAVI. 
SAVI has reduced the percentage of stabilized fine and mobile sand compared to MASI, 
which is apparent in the class of stabilized fine sand from 16.68% by MSAVI to 8.20% by 
SAVI in 1972 as well as in 1987, 1999 and 2010. Similar results observed in the class of 
mobile sand from 18.12% by MSAVI to 7.73% by SAVI in 1987 as well as in 1999 and 2010 
(table 7.22).  
Comparision between MSAVI and SAVI regarding of detecting the status of soil and 
vegetation, it consider that SAVI is more reasonable than MSAVI, although MSAVI is less 
reduced the soil background more than SAVI. However, the VIs show the natural vegetation 
coverage as brighter areas. The NDVI shows similar bright areas, suggesting the same 
sensitivity to the vegetation biomass. SAVI and MSAVI indicate slightly darker areas than the 
NDVI. In all cases, the vegetation indices using the same ratio of spectral bands show similar 
sensitivity to vegetation biomass. 
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Table 7.22: Distribution of areas percentage using MSAVI   
 
 
 
 
 
 
7.12.1.4 Analysis of LULC status based on the analysis of GSI 
The land cover of the study area consist of two types of sand. Firstly, stabilized fine sand, 
which consist from a mixture of upstream sand and suspended sand and secondly, mobile 
sand. Figure 7.38 and table 7.23 show the reults of applcation of GSI indicator in order to 
detect and determine the amount areas of sand and to distinguish between sandy soils and 
clayey soils. The application of MLC to the output of GSI as a threshold into five classes is 
shown in figure 7.38 and table 7.23.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7.38: Classified maps of 1972, 1987, 1999 and 2010 using GSI 
The results show that the sandy soil continues to increase, while the clay soil (cultivable) 
continues to decrease during the entire period of the study. The results observed show that the 
sandy area in both classes of stabilized and mobile sand was increased during the period from 
1972 - 2010, which are records from 20.68% to 24.89% and from 25.68% to 27.73% for both 
stabilized fine sand and mobile sand respectively during the period of 1972 and 1987. In 1987 
and 1999 show from 24.89% to 25.47% and from 27.73% to 28.05% for both stabilized fine 
sand and mobile sand respectively. The results also indicated show the decreased of stabilized 
fine sand during the period of 1999 to 2010 from 25.47% to 23.01%, except stabilized sand 
was decreased. This due to increase amount of both woodland and grass and shrubs during 
this period of the study, which lead the sensor to detects the spectral reflectance (signature) of 
vegetation higher than the spectral reflectance of sand. Nevertheless, the results observed 
more increase of mobile sand from 28.05% to 30.72% during the period from 1999 to 2010.  
MSAVI 
Classes 1972 1987 1999 2010 
Woodland dominated by dense mesquite trees 14.81 11.16 12.83 19.09 
Grass and shrubs dominated by less dense of mesquite trees 18.06 12.77 13.56 18.08 
Bare and cultivated land  32.33 30.83 26.11 20.10 
Stabilized fine sand 16.68 23.15 24.06 18.03 
Mobile sand 18.12 22.09 23.44 25.01 
197 198 1999 201
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The results observed show that the sandy area is the most prevalent areas while the vegetation 
areas (woodland and grass and shrubs dominated by mesquite trees), while bare land 
(cultivable) is less observed. Nevertheless, the vegetation land were continuous to increase 
than bare and cultivated land, which confirms the fact that the cultivated land were continuous 
decrease during the period of the study. The sandy area, which apparent in a yellow and red 
color in the image, particularly inside the cultivated land and along the riverbed, which shows 
both stabilized fine sand and mobile sand significantly during the dry season. Hence, the 
results observed that the percentage values of sandy area by GSI during the period of the 
study are clearly higher values than those observed by SAVI and MSAVI. 
Table 7.23: Distribution of areas percentage using GSI   
 
Moreover, it is worth to mention that the application of GSI shows more clearly sandy areas at 
the expense of vegetation and bare and cultivated lands, which is confirm the fact that the GSI 
is more significant to associate with spectral reflectance of fine sand in the topsoil more than 
others LC. However, increasing of GSI sandy values along time indicates a sing of land 
degradation in the study area. Furthermore, the study area is located in the open vast region 
near to the Nubian Desert in northern Sudan. Therefore, it is highly subject to accelerating 
sand movements, which is considered as one of the indicators of degradation in the area. In 
addition, the droughts of the 1970s and 1980s triggered short-term cycles of famines in the 
Red Sea, Kassala, Kordofan and Darfur regions, which affected about 80% of the population 
in these regions (World Bank, 1984). However, because the texture of topsoil is closely 
related to land degradation, so it is possible and potential for monitoring the degradation 
process by GSI and change in arid and semi-arid regions using remote sensing technique. 
Table 7.24 shows the results and summary of vegetation indices indicating and estimating the 
prediction of degradation in the study area. Remote sensing can provide an indirect measure 
of vegetation growth through calculation of vegetation indices. 
 Table 7.24: Indicators of degradation showing that the degradation is underway in the study area 
7.13 Summary  
Although many researchers have studied various aspects of water quantities and qualities, 
floods, mesquite trees infestation, irrigation efficiency and water requirement of crops and 
GSI 
Classes 1972 1987 1999 2010 
Woodland dominated by dense mesquite trees 12.45 10.48 13.35 16.03 
Grass and shrubs dominated by less dense mesquite trees 15.60 13.44 14.00 15.26 
Bare and cultivated land  25.59 23.75 19.13 15.18 
Stabilized fine sand 20.68 24.89 25.47 23.01 
Mobile sand 25.68 27.73 28.05 30.72 
Observation and results 1972                             2010 
Woodland dominated by dense mesquite trees, using (NDVI and 
SAVI) 
increase 
Grass and shrubs dominated by less dense mesquite trees, using 
(NDVI and SAVI) 
increase 
Bare and cultivated land, using (NDVI, MSAVI and GSI) decrease 
Stabilized fine sand, using (GSI) increase 
Mobile sand, using (GSI) increase 
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another in the region of the study area, while the temporal LULC change, land degradation 
and landscape trends have received little attention in the study area. Moreover, no studies 
have been conducted for LULC change using the tools of CVA, MAD and MAD/MAF 
particularly in the GAS of eastern Sudan.  
The study was carried out in and around the Gash Agricultural Scheme (GAS) area in the 
semi-arid region of Kassala state, Eastern Sudan. During the last two decades, the study area 
is being targeted to irrigated and rain-fed agriculture as well as to intensive grazing due to its 
good environmental condition and location in the course and the valley of the Gash River. 
The scheme contributes to the rural development of the region by taking advantage of the 
Gash river flood for cultivation crops and also helps in stabilizing the nomads by finding 
stable pasture for their livestock and provids some basic services such as residential lands, 
schools, water, veterinary services and agricultural tenures. Due to the drought that affected 
this part of the region, as well as increase of population, intensive grazing, the spread of 
mesquite trees, invasion of sand as well as administrative weakness and lack of planning. This 
area is prone to an excessive pressure, also became of the internal and external displacement 
causing considerable environment conflicts in all aspects of life in the area. Therefore, the 
area is exposed to somewhat drastic degradation reflected in deterioration rate of land and 
productivity. For more details of the economically important, ecological values of the study 
area, see the description of the study area in chapter two.   
Changes in LULC were mainly identified and mapped using supervised classification to 
classify the image into five major LULC classes during 1972-2010, specifically; woodland 
dominated by dense mesquite trees, grass and shrubs dominated by less dense mesquite trees, 
bare and cultivated land (clay soil), stabilized fine sand and mobile sand. Collection strategy 
for training samples may influence the classification results, exactly when the land cover of 
the study in situ is heterogeneous and complex (Lu and Weng, 2007) like in the current study 
area. The results indicate that there were changes occurring in all of the LULC types during 
the period of the study. Although selecting sufficient training samples becomes difficult, 
which affects the accuracy results. 
The study provides a consistent method for LULC stratification and mapping by specifying 
the classified areas in percentages for each LULC class during the period 2010 (ASTER 
image) (table7.1). Woodland dominated by dense mesquite trees, as well as mobile sand 
represents high percentage 24.52% and 24.04% respectively due to more increase of both 
classes during this period of study. While bare and cultivated land (clay soil) represents less 
percentage, which is scored 10% in 2010 out of 23.20% in 1972 though it is considered the 
productive area since the construction of the scheme. Grass and shrubs dominated by less 
dense mesquite trees class as well as stabilized fine sand class were presented somewhat 
similar percentages due to the similarity of spectral reflectance between grass and shrubs 
dominated by less dense mesquite trees and woodland dominated by dense mesquite trees as 
well as the similarity between stabilized fine sand and mobile sand. The classified areas 
percentages for the LULC classes settled in this study could be further applied in other areas 
in the same region with more validation training points using more high-resolution satellite 
imagery in the future. From the analysis of classification and the calculation of LULC classes’ 
percentages, it can be noticed that the bare and cultivated land (clay soil) has decreased over 
the last 38 years. This result was confirmed by application of image differences among 1972-
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1987, 1987-1999 and 1999-2010, which gave an evidence that the bare and cultivated land 
has been decreased over time. While the vegetative and sand areas has been increased as a 
result of spread of the invasive mesquite trees, as well as increased of sand areas due to 
invasion of mobile sand and stabilized fine sand. When comparing the LULC maps of 
Landsat (1972, 1987 and 1999) with a map of ASTER 2010, it is observed that the degraded 
patches areas have replaced by vegetative cover of (invasive) mesquite trees and sands in 
some of the specific parts at all sites of the study area. 
A comparison between pixel-based using (MLC) and object-oriented (segmentation-based) 
approaches has been successfully conducted for LULC in this research with better 
understanding of the performance difference between the two approaches to the same data. 
The pixel-based has overall accuracy 87%, and overall Kappa statistics 0.79 durin 1972 
comparing to overall accuracy 80%, and overall Kappa statistics 0.70 by the object-based 
classification. While in the subsequent years 1987, 1999, both approaches scored somewhat 
similar of overall accuracy and overall Kappa statistics. Which are scored 81 and 82 overall 
accuracy by pixel-based in 1987 and 1999 respectively, and 88 and 89 by object oriented 
respectively (table7.11). Both approaches record 0.80 and 0.80 of kappa statistics during 1987 
while in 1999 the pixel-based record 0.80 and the object-oriented record 0.85. During 2010, 
the pixel-based records 0.85 while the object-oriented records 0.80. However, in general, the 
pixel-based scored better values than object oriented with ASTER 2010. Undoubtedly, the 
pixel-based approach perform better than the object-oriented in LULC classification in the 
semi-arid region, particularly in the GAS area.  
Understanding the past and current changes of LULC in the study area, will give the ability to 
predict and broadcast the consequences of changes in the future. The implementation of 
remote sensing technologies and the subsequent methodologies will allow for a far wider 
range of assessing and mapping LULC in general. Therefore, an obvious drastic change 
observed in the structure of the LULC classes in the GAS and a reciprocal conversion 
indicating the trends and conditions caused by the human interventions as well as climatic 
oscillations impacts on LULC (e.g. drought waves). The change characterized mainly by 
constantly decreasing of cultivable and bare land (clay soil) comparing to increasing of both 
invasive mesquite trees and sand areas. The cultivated land has been drastically lost during the 
period from 1972 to 2010, which lost a round 42% over the last 38 years, with average loss 
about 1.13% per year. The decreased of both woodland and grass and shrubs dominated by 
mesquite during the period between years 1972 to 1987 is due to the scarcity of rain and thus 
the region was subjected to drought. However, the drought has increased the awareness of the 
local people towards the importance of trees as a protective measure against sand movement 
and desertification. The loss of cultivable land is considered a major environmental disaster in 
the scheme while both sand and invasive mesquite trees areas were increased during the 
period of the study, which carrying some problems to the scheme, which accelerate the 
degradation process in the area. As well, the increase of mesquite and other shrubs land 
provides large areas of rangeland, which indicates the potentiality for livestock raising as well 
as provides woods source for building and making charcoal. 
Remote sensing and data integration with GIS can be use as effective tools to detect, assess 
and map the LULC changes and land degradation over time, and figure out the spatial extent. 
The study reveals different signs of degradation in the area reported by a change in patterns of 
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LULC types. These changes indicate of increase and expansion of invasive mesquite trees as 
(increase in vegetation), increase invasion of sand inside and around the study area, while on 
the other hand decrease in the bare and cultivated land. All these factors a constraint, decrease 
of the production in the study area, and finally accelerate the land degradation in the area.  
Change vector analysis (CVA) as one of the change detection types was used to determine the 
amount and direction of change in LULC on three sub-periods; 1972-1987, 1987-1999 and 
1999-2010 of the study period. The results observed that the direction of change depends on 
the probability of angle change in LULC based on the outputs of greenness and brightness. 
The analysis of the magnitude and the amounts of change, the greenness and brightness 
outputs were classified using (MLC), which produced four classes specifically are; bare land, 
mesquite trees land, persistence land and sand land. During the period of 1972 and 1987, the 
results show that bare land (include the cultivated land), scored the highest value while the 
land of mesquite scored the lowest value which reflect that the cultivated area was more than 
the other land cover in this period. During the both periods of 1987-1999 and 1999-2010, the 
land of mesquite scored the highest value while the bare land scored the lowest values, which 
confirms the fact of continuous decrease and the deterioration of cultivating the (agricultural) 
land.  
Multivariate alteration detection (MAD), the new technique of change detection is considered 
the analysis to highlight the change between each two images in the same geographical 
location acquired at the different time. The analysis produced three variables (MAD1, MAD2, 
and MAD3) which compared to (R, G, and B) of the original image to determine which of 
these bands is clear in change. The results of MAD in the first period between MSS1972 -
TM1987 observed that MAD2 compared to band 2 record positive in MSS and negative in 
TM, which is significant correlation an indicator of soil (bare and cultivated land) which is 
confirm the fact that the cultivated area was greater than the other land cover in this period. 
During the both periods of 1987-1999 and 1999-2010, the results observed that MAD3 
compared to band 3 record the positive in TM and ASTER 2010 and negative in ETM+ which 
is significant correlation an indicator of vegetation (woodland, shrubs and grass). While 
MAD1 and MAD2 recorded less correlation, which confirm the increase of spread mesquite 
trees and decrease of bare and cultivated lands. To determine the type and quality of change, 
the maximizing autocorrelation factor (MAF), has been applied to the MAD images for 
enhancement and improvement the quality of change. Which produce three images (variables) 
(MAD/ MAF1, MAD/ MAF2, and MAD/ MAF3) compare to RGB and threshold. Based on 
visual interpretation the comparison of these variables with an original (R, G, and B) image 
for highlighting the change and determine the conversion. The results observed during the 
period of 1972-1987, the positive maximum correlation change in MAD/MAF2 is greater than 
in MAD/MAF1 and MAD/MAF3 which is related to bare and cultivated land. During the both 
periods of 1987-1999 and 1999-2010, it’s apparent that MAD/MAF3 is a higher positive 
maximum correlation change, which is related to vegetation (woodland, shrubs and grass), 
while during 1999-2010 was observed a positive change more than negative change were 
detected by MAD/MAF1 and MAD/MAF2 which is related to sand (mobile or stabilized 
sand). Essentially, this interpretation is entirely dependent on the full knowledge and 
information of the interpreter for the study area. 
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The application of the multi-spectral imagery to monitor the dynamics of vegetation cover 
change in the GAS offers advanced opportunities for an in-depth description of vegetation by 
means of earth observation data. Vegetation analysis of long-term changes gives a clear 
account of the signal for the LULC status, and changes predict deterioration if existing or not. 
A number of vegetation and soil indices also has been applied, e.g. (NDVI, SAVI, MSAVI, 
and GSI) in order to analyze LULC change and compared with the classification to determine 
the amount and direction of change in LULC. The results obtained using the NDVI in the 
period 1972 showed that the bare and agricultural land were greater than the other LULC in 
the area. During the period of 1987, observed an increase of sand areas for both of stabilized 
and mobile, and decreased in the area of bare and agricultural land as well as both of 
woodland and grass and shrubs dominated by mesquite trees, which confirm that the area was 
suffered from drought during this period. While in the periods of 1999 and 2010, it was 
observed an increase of vegetation area as a result of an increase and spread of mesquite trees 
while observed the drastic continuous decrease of bare and agricultural land, which shows the 
signs of degradation accelerated. 
The results obtained using (SAVI) during the period of 1972, show that the bare and 
cultivated land (agricultural) area was greater than the other LULC. During the period of 1987 
was observed that a decrease of vegetation area of both woodland and grass and shrubs 
dominated by mesquite trees and bare and agricultural area while an increase of sand areas for 
both stabilized and mobile. During the period of 1999, observed a continuing decline in the 
bare and agricultural land, while an increase in vegetation area and sand area together. A 
significant drop observed of continues in bare and agricultural land with the continued 
increase of mesquite trees and sand area during the period of 2010, which is a main signs of 
land degradation in the area. 
As explained, the results obtained using (MSAVI), during the period of 1972, that the bare 
and cultivated land (agricultural) is greater than the other LULC classes. During the period 
1987 observed a decrease of both woodland and grass and shrubs dominated by mesquite trees 
as well as in bare and cultivated land (agricultural), while an increase in the sand area of both 
stabilized sand and mobile sand. During the periods of 1999 and 2010, noted the continuing 
increase in the sand area, as well as in both of woodland and grass and shrubs dominated by 
mesquite trees, while observe continues and completely decline in bare and cultivated land 
(agricultural land). Comparing the results which obseved by SAVI and MSAVI, it is obvious 
that the percentage areas of LULC is greater and more clearly by SAVI than by MSAVI 
although MASVI has an ability to reduce the soil background better than SAVI.  
The results of (GSI) during period of 1972, observed that the bare and cultivated land area is 
equal to mobile sand area and were seems greater than the other LULC. In the period 1987, 
observed that a decrease of bare and cultivated land as well as woodland and grass and shrubs 
dominated by mesquite trees, while observed an increase of both stabilized and mobile sand 
area. During the periods of 1999 and 2010 observed an increase in both of woodland and 
grass and shrubs dominated by mesquite trees, as well as increase of mobile sand area. In the 
other hand observed a continued decline in the bare and cultivated land, with a slight decrease 
of stabilized sand. Which is confirm the fact of decline the bare and cultivated land during the 
entire period of the study. Anyhow, in this research were used many indices to detect the 
status of LULC changes; but the best among them for clearly viewing is SAVI. However, it is 
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worth to mentioned that when comparing the results of the analysis of LULC, using many 
indices, it was observed that most of the results indicate to confirm the continuing decline in 
arable land (bare and cultivable) in return for the increase in the sand area and the spread of 
invasive mesquite trees. In a clear reference to the terrible deterioration in the study area over 
the length of the period of this research from 1972 to 2010.  
The complex nature of sustainable natural resource management demands research that uses a 
systemic approach; i.e. research combining the natural and socio-economic dimensions. The 
recent approaches of development studies realized that development efforts that ignore 
indigenous knowledge, i.e. local systems of knowledge, generally fail to achieve their desired 
objectives. Participation by the local community in the development initiative and solve their 
problems is critical for achieving sound natural resource management to utilize the full 
potential of the indigenous knowledge system. The local communities have their own 
understanding to the local environment, indigenous knowledge of adaptation mechanisms for 
environmental shocks (Tripathi et al., 2004). However, LULC change from the human 
interventions are among the most important factors affect the ecosystems of the earth. Their 
direct impacts on biological diversity and their contributions in combination with local and 
regional climate changes are significantly in the study area. However, farmers are aware that 
land degradation, in various forms, is taking place on their cultivated agricultural land. This is 
based on their perception and the interpretation of indicators such as infestation by mesquite 
trees, reduced soil fertility, and decline of crop production. 
The situation of the rural life in the study area dependent totally on the agricultural activities 
in the first place as a major craft, as well as grazing as a secondary craft. As a result of the 
significant deterioration that has occurred in the region due to several reasons related to 
climate and socio-economic conditions, agricultural land was reduced, loss of soil fertility and 
finally led to reducing of productivity and lack of production. 
A survey of fieldwork was conducted among the rural farmers to urge their attention and to 
check the patterns of change that have been obtained from the data analysis of the satellite 
imagery. The results showed that most of the rural people tend to increase in the number of 
family members because the household income depends on the number of family members. 
This situation led to an increase of population in addition to influx of refugees from 
neighboring countries, which in turn led to increasing the pressure on scarce resources, and 
hence led to deterioration and reduction of production. The results of the analysis show that 
most of the respondents asserted that there was a significant change occur in the region as a 
result of climatic conditions such as drought in the eighties and nineties, which making the 
area exposed to sand encroachment from the Nubian desert adjacent towards inside the 
scheme, and thus led to further deterioration. The results show that the stabilized fine sand 
which comes via Gash River flooding, which is accumulated inside cultivated land and inside 
irrigation canals, resulting in the rise of the ground level above the river level and thus leading 
to the deterioration of irrigation efficiency and thus to the reduce of production. The results 
also showed a lack of transparency in the distribution of both agricultural land and the 
irrigation water, which led to reduced agricultural areas and thus led to a reduction of 
production. This situation is forced the majority of farmers to abandon the agricultural activity 
and shift to work in livestock breeding to compensate the shortage of the family income. The 
increasing numbers of livestock led to overgrazing which led to frictions between farmers and 
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herders. The movement of livestock from place to another led to accelerating the spread of 
mesquite seeds with the livestock dung. The lack of equitable distribution of irrigation water 
led to the accumulation of water in places where it is not required, and thus led to the further 
spread of mesquite trees and increase of its intensity. The most of the farmers are have 
abandoned the agriculture, due to the deterioration of agricultural land and seek to take the 
advantage of the colonies of mesquite trees in the fuel charcoal and firewood trade industry. 
Administrative weakness, lack of future planning and lack of commitment to agricultural 
cycle, in turn led to the concentration of farming in specific places and thus led to the loss of 
soil fertility. As well as deliberate neglect in distribution of irrigation water led to the further 
spread of mesquite trees, which led to reduce the cutivable areas, and thus led to the 
deterioration and lack of production. Finally, the results of socio- economic analysis confirm 
the results that have been obtained from the analyzing of satellite imagery. Therefore, it can 
be said that there is a strong link relationship between remote sensing data and socio-
economic data in confirming each other in the analysis of LULC change of the study area.  
Remote sensing, fieldwork, questionnaire and statistical analysis, are effective tools that can 
be used in building information and database of the study area that comprises of layers for 
LULC. The database may be available for many users and can be used for any study 
concerning to LULC monitoring and natural resources development as well as land 
degradation in the semi-arid region. The potential reasons (the main factors) for the land 
degradation in the study area over 38 years were identified as follows: 
Increase of the population and poverty, 
Intensive cultivation in specific lands and improper agricultural practices, 
Poor irrigation efficiency, 
Low development in rural communities, 
Lack of transparency in land ownership and tenure, 
Overgrazing,  
Invasion of sand and spraed of mesquite trees, and 
The coal industry and firewood. 
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8 CHAPTER EIGHT 
8.1 Conclusions, Recommendations, Limitations and Outlook 
8.2 Conclusions  
The study utilizes four consecutive optical multispectral images, three LANDSAT MSS, TM 
and ETM+ images of 1972,1987 and 1999 as well as a TERRA-ASTER image of 2010 for 
mapping, assessing and evaluating the LULC change and its impacts on land degradation 
during the period from 1972 to 2010. Initially, different image corrections were applied in 
order to prepare for the best-fitted method for accurate LULC mapping and subsequent 
spatiotemporal analysis.  
This study demonstrates that remote sensing and GIS techniques can contribute significantly 
to mapping and assessing LULC change and its impacts on land degradation in and around the 
GAS area. Traditional pixel-based classification using MLC, change classification e.g. change 
vector analysis (CVA) and multivariate alteration detection (MAD) as well as indices of 
vegetation and soil e.g. NDVI, SAVI, MSAVI and GSI have been used. Post-classification 
change detection techniques were applied respectively to determine and distinguish the LULC 
trends and the final results of all these applications have been linked with observations via 
interviewed respondents in the study area during the field survey. Although expert knowledge 
in remote sensing and the use of various techniques in satellite images classification, which 
could produce good results in mapping of changes in land use and land cover, but field 
surveys and verification is still very important in the whole process. 
The methods adopted in this research are standard methods, which can be explained as 
follows: Satellite imagery was classified using two approaches (pixel-based and object-
oriented) for classification of LULC classes. The comparison between the both classifications 
approachs was applied as well, which gave the opportunity to distinguish between the two 
approaches and evaluate the advantages and disadvantages for use in arid and semi arid lands. 
Also, change detection has been applied which gave an estimated percentages of change 
across periods and explain the respective impact of significant changes that have occurred in 
the region during the period from 1972 to 2010. These techniques are 1. Change detection 
using a matrix of change, which gave the percentages and areas of change during the study 
period. 2. Change vector analysis (CVA), which depends on the components of greenness and 
brightness of the land cover and gives the amount of the change in two-ways e.g. the 
magnitude of change and the direction of change during the respective period. 3. Multivariate 
alteration detection (MAD) variables were coupled for detection of change by using the 
maximum correlation factor (MAF) which depends on the comparison between the basic 
components of the image (bands) and variables obtained by MAD or MAF for each band 
separately. It is worth to mention that the techniques of CVA and MAD/MAF are considered 
innovative technologies in the detection of change, which are used for the first time in the 
Gash agricultural scheme (GAS). 4. The vegetation and soil indices have been used to detect 
and determine the quality and quantity of green vegetation cover and to distinguish from 
another land cover during the study period. Indicators, which have been used, are NDVI, 
SAVI, MSAVI, and GSI. Traditionally, a survey of socio and economic status has been 
performed (Questionnaire), which was linked to the results obtained from satellite image 
classification, to the results of change detection and to the analysis of indicators of vegetation 
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inorder to determine the extent of influence and interaction of the use of land resources and 
the effects of change that occurred in the study area. However, considering the dramatic 
change, which has occurred and still continues in and outside the GAS of eastern Sudan, this 
study is of great value for developing an operational method to monitor changes over time.  
This research consists of multi-disciplinary methods, which are presented in this study and 
which applied and tested such as pixel based image analysis versus object-oriented approach 
for maping the LULC patterns in the GAS. Based on comparison of object oriented and pixel-
based classifications and despite the high classification accuracy achieved by using object-
oriented classification in this study, the pixel-based classification was used to derive the 
LULC trends for some reasons, firstly due to the weakness of the object-oriented approach in 
post-classification change detection, which does not allow detection of subtle and minor 
changes within LULC classes, while this setback also concerns per-pixel post-classification 
change detection (Rogan et al., 2003). This effects magnified in object-based methods since 
similar pixels are amalgamated to form objects, which diminishes the likelihood of detecting 
subtle changes within land cover classesSecondly, the object-based method misclassified 
pixels especially in spectrally heterogeneous classes like woodland dominated by dense 
mesquite trees and shrubs and grass. However, the pixel-based approach generally performs 
better with most of the LULC classes selected for classification. Thirdly, the effectiveness of 
object-based classification in dealing with high-resolution imagery is better than with medium 
resolution imagery, which was used in this research. The pixel-based approach is still efficient 
when used for land cover classification in semi-arid areas based on low and medium 
resolution imagery. Therefore, the problems of a mixed pixel in in landsat data can be 
overcome by using object-oriented methods based on very high spectral resolution images.   
Digital and visual satellite image interpretation indicate a higher density of vegetation during 
the years 1972, 1999 and 2010 compared with the year 1987, which can be attributed to the 
drought that hit the region during the period from 1972-1987, to mismanagement of irrigation 
water and to an increase of rainfall during the period from 1987-1999 and 1999-2010, which 
led to the invasion of mesquite trees. NDVI analysis supports and confirms these results. Bare 
and cultivated land was recorded with the highest percentage in the year 1972 compared with 
decreasing percentage during the period from 1987 to 1999 and 2010. This can be attributed 
to increase of invasion of mesquite trees, of sand and to the weak and bad management system 
of the scheme. 
Through digital classification and visual interpretation of LULC in the imagery, the results 
show that there is a clear degradation process which is identified by mobile sand, fine sand, 
and invasion of unfavorable mesquite trees, which forming a significant pattern in the 
landscape. This was assessed directly from satellite imagery data. Vegetation categories and 
bare and cultivated land were identified and mapped directly via vegetation and soil indices 
based on remote sensing data. However, under high pressure from the need of food for the 
increasing population, overgrazing and increase of intensive cultivation occurred and at the 
same time invasion of sand and mesquite trees happened which are considered serious 
extremely problems in the study area. 
Higher accuracies obtained by pixel-based classification are due to image enhancement and 
image correction, which were applied to the data explisity geo-referencing, geometric 
radiometric and atmospheric corrections, which confirm the ability of pixel-based when 
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dealing with low and high-resolution images better than object-based for LULC change trend 
analysis in the arid and semi-arid land. 
This study demonstrates the feasibility of integrating the results of classification with the 
calvegetation and soil indices (indicators) and with the transformation threshold classification 
such as CVA and MAD/MAF in order to detect the LULC change and to assess the 
degradation, which occurred in the area. Considering the increasing land degradation in and 
around the GAS, the predictable development based on time series of LULC classification can 
provide effective indicators of possible future scenarios, if the current rates of LULC change 
persist underway, in addition to unpredictable climatic factors, particularly such as drought 
and floods. These factors have considerable potential to affect the predicted scenarios.  
The results of the application of vegetation and soil indices show the increase of invasive 
mesquite trees as well as an increase of sand areas while observing the reduction of cultivable 
land, taking into account the spread of undesired vegetation species. The invasion of mesquite 
trees, shrubs and other invasive alien species is evident in most communal areas in the GAS. 
The use of controlled intense wildfires and or mechanical removal to eradicate undesired 
vegetation species is recommended and agreed with Trollope, (1980) who provides several 
benefits on the use of fires in managing invasive plant species. 
The established links between socioeconomic data s and remote sensing data analysi in this 
research demonstrates that there are strong links between socio-economic variables and 
LULC classes in considering that the LULC classes trend of change derived by remote 
sensing mirros the influence by variables of socio-economic data. The social factors that 
directly influence the change in LULC in the GAS area are increasing number of people, 
increasing numbers of livestock, operations of burning trees to produce charcoal for fuel, 
conflicts and frictions between pastoralists and farmers, the weakness of the administrative 
system, lack of future planning and shrinking of land tenure per capita. The results show an 
increased number of local residents, as well as increasing number of displaced people, which 
cross the border from neighbouring countries escaping from wars, conflicts, and political 
instability, and which are searching for housing and employment. This leads to pressure on 
scarce resources for agriculture, and consequently to the deterioration. The results show an 
increase of livestock number to increase the family income, the corollary to making up the 
shortfall in agricultural production, but this leads to conflicts and frictions between 
pastoralists and farmers. The concentration of grazing in the specified places led to soil 
exhaustion, as well as the livestock movements in and outside of the scheme helps in 
acceleration of spread of mesquite seeds by livestock manure and led to further deterioration 
in the area. The spread of colonies of mesquite trees and other shrubs motivated farmers to 
charcoal industry to make up the shortfall in agricultural production, which is also another 
cause for deterioration in the study area. Other economic factors also contribute to 
accelerating degradation in the study area e.g. shrinking land allocation as a result of lack of 
transparency, leading to intensification of cultivation in tight spaces and thus to neglects of 
fallw and thus degradation of soil.  
All of these impacts which are drives by various factors correspond perfectly with what has 
been mentioned by the respondents in the study area as well as with the results of LULC 
change analysis which derived by the approaches of remote sensing which were applied in 
this study. However, the most important of these factors and most influential to accelerate the 
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degradation is the weakness of the administrative system, the failure to follow the crop 
rotations system and lack of future planning for the scheme area.  
This study concludes that remote sensing can be used as an effective tool to detect LULC 
change and land degradation. However, information about patterns of LULC changes over 
time in the GAS, is not only important management and planning for in this region but is also 
required for a better understanding of the human dimensions of environmental changes on a 
regional scale. 
Finally, remote sensing technology is a powerful tool for measuring, mapping, monitoring, 
assessing and modeling of natural resources and is most valuable in the environmental 
sciences when used in combination with traditional methods such as field surveys, public 
records, interviews and direct observation. In this study, mapping and assessing the LULC 
changes and its impacts as land degradation were determined and assessed using Landsat and 
ASTER satellite imagery. The results of the study indicate that LULC changes led to the 
general degradation of large areas in the study area during the period from 1972 to 2010. 
These changes were brought about by overpopulation and socio-economic activities, invasion 
of unfavorable trees species (mesquite trees) and of sand. As a conclusion, it should be stated 
that: 
  “IF  
          The invasion and spread of mesquite trees increase, 
          Of the invasion of sand increase, 
          Land allocation is not well managed,  
          Population increases, 
          Overgrazing increase, and  
          Irrigation is not well managed 
   THEN 
          Cultivable and bare land will be decreased,  
          Stabilized sand will be increased in side the cultivable areas, 
          Irrigation canals will be damaged, 
          The level of cultivable land will be increased more than the riverbed level,  
          Settlement will be expanded in expense of cultivable land, 
          Over exploitation of cultivable land will be increased, 
          Burning of wood for making charcoal will be increased, and 
          Soil fertility will be decreased 
    AND 
           IF all of these processes continue for a long period of time 
   THEN 
          LULC will be changed and  
         Land degradation will be increased more and can not be managed”. 
Therefore, this research provides an important information for the decision makers to 
formulate new strategies and policies for natural resources planning and management and for 
other purposes in semi-arid regions. 
The scientific centers that will take advantage of this research and will work towards updating 
the contents by in a reliable and appropriate way are Kassala University and the Agricultural 
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Research Corporation in Kassala State. The responsible authorities for the adoption and 
implementation of the recommendations of this research are specifically the Gash Agricultural 
Scheme Administration, Rehabilitation of the Agricultural Gash Scheme Programme, the 
Programme of Sustainable Livelihoods by FAO and the Federal Ministry of Agriculture-
Sudan.  
8.3 Recommendations  
Based on the findings of the study appropriate measures and ways to reverse the situation of 
land use and land cover degradation in the GAS are recommended. 
1. To get the highest level of confidence for planning and sustainable management of natural 
resources it is needed to upgrade this research by using very high-resolution satellite imagery, 
with use of the potential of advanced software. Although very high ground resolution data are 
expensive over a large area while low ground resolution data are not accurate enough. 
2. A period of study of 38 years is not sufficient to provide appropriate results and to identify 
the risks of the affected areas correctly. Further research in the future has to include the period 
before 1972. 
3. The results presented in the research has been based on drought years (1980s and 1990s). 
However, there are not enough points available for the validation due to the difficulty of 
reaching the most parts of the study area, therefore, it is recommended for more validation 
points in the future.  
4.  The results of this research show that the deterioration in the scheme by the invasion of 
sand into the cultivated areas. The study recommends the establishment of a great dam and 
reservoir near the Gash river to allow for the deposit of sand from the water before irrigating 
to the scheme. 
5.  The results showe that the spread of mesquite trees is one of the major problems of 
deterioration in the cultivated areas in the scheme. Therefore, a mechanical removal of 
mesquite trees should be used and replacement by other trees which more protective and 
suitable for shelterbelt shuold be performed. This coupled with respective proper use and 
distribution of irrigation, and to avoid should be the irrigation water outside of use, further 
equal distribution of land allocation has to be guaranteed. 
6. The advanced policies should be followed in the field of agricultural extension 
development to avoid the risk and occurrance of land deterioration. 
8. There is an urgent need for monitoring, analysis and periodic an evaluation of the status of 
land use and land cover as well as land degradation due to the volatile nature of the region. 
9. Assessing the loss of cultivable land due to degraded vegetation particularly by the invasive 
species (mesquite) and creeping sand is recommended.  
10. Although expert knowledge in remote sensing and the use of various techniques in 
satellite image classification is vital and produces reliable results in mapping of changes in 
LULC, field surveys and in verification are still very important in the whole process should be 
needed. 
11. The impacts of LULC change should be studied and reviewed regularly together with the 
socioeconomic, sociopolitical, and environmental changes and put it into the fundamental 
database for the future. 
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12. The adoption of strategies and policies should be optimize the use of resources such as 
effective management, effective distribution of irrigation water, protection and maintenance 
of soil, equitable impartial distribution of land holdings and parasite control, which would 
reduce the impact of changes in land use degradation towards. 
8.4 Limitations and Outlook  
1- It has been tried to consider production and similar data required for this research such as 
irrigation water quantities and its relation to production and the soil laboratory analysis. 
However, is could not be fulfilled due to constraints because of the paucity of data resources, 
very limited financial support, and the difficulty of access to most parts of the study area. 
2- Lack of archival information and historical data affects the credibility of the analysis of 
historical satellite imagery of the study area. 
3- This study supports its future application for a detailed study of LULC changes and land 
degradation. Consequently, such studies need further enhancements to improve the quality 
and the accuracy of the results and to setup investigation, which reveals an overall change in 
the region to assess the proportion of the local deterioration in the GAS. 
4- The vastness of Sudan, frictions, conflicts, and poorly developed roads infrastructure, in 
addition to the lack of international supports, pose great difficulty for the acquisition of data 
for the applied studies, which based on ground methods. Consequently, remote sensing 
becomes the only feasible source of data that can be used as a decision tool for timely action 
to avert the negative consequences of drought, land cover changes, and land degradation 
5- The integrated applications of remote sensing and GIS, a ground-based verification and 
methods of socio-economic analysis are powerful means to measure LULC change and land 
degradation processes over time. 
6- Since the LULC change and land degradation hazard led to the decline in general 
production and reduced productivity, there must be an alternative policy to raise the 
production. Therefore, it may be noted that LULC change analysis in and outside of GAS by 
remote sensing to identify the principal causes of this problem and to formulate policies and 
concrete actions to deal with it, may help the policymakers of the government and the local 
authority for development of the area. 
7- Increasing the awareness among farmers, scientists and policymakers about the LULC and 
land degradation problems in Sudan is essential and an urgent need for attention. 
8- Vegetation in the study area is heterogeneous, and this makes it difficult to map the 
invasive species out of other species by remote sensing techniques. Qualitative research is 
needed. Therefore, it is recommended to develop integrated methodologies that are combine 
with remote sensing to distinguish and mapping plant species in general.  
9- There are uses for the crucial factors, which is observed in this study, i.e. the continuous 
decline of cultivable land along the study period, being a significant indicator for land 
degradation in the study area has to be raised. 
10- A continuous monitoring system could possibly make to understandable of LULC 
changes and land degradation. 
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10 Appendices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 2.1: Normal population distribution of Kassala state per provinces 
              Source: Ministry of Finance, Department of Planning, 2007 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 2.2: Distribution of livestock populations within provinces, Kassala State. 
              Source: Range and Pasture Administration of Kassala State 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 2.3: Land use in the study area for the season 2008 
             Source: administration of GAS 2010 
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Appendix 2.4: land use in the study area for the season 2009.   
              Source: administration of GAS (2010) 
 
 
 
 
 
 
 
 
 
Appendix 2.5: land use in the study area for the season 2010 
                  Source: administration of GAS 
 
 
 
 
 
 
 
 
Appendix 2.6: Total cultivated areas during the seasons from 1998 to 2009 
                     Source: Agricultural Administration/ GAS 2010 
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Appendix 4.1: Livestock population in Sudan (millions of heads) 
          Source: Ministry of animal resources and fisheries (Annual Report, 2008). 
 
 
 
 
 
 
 
 
 
 
 
Appendix 6.1: Family member  
Appendix 6.2: Families increased or decreased 
 
 
 
 
Appendix 6.3: Secondary job 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 6.4: The main rural activities in the study area 
Decision  Frequency % 
Yes 87 87 
No 13 13 
Total 100 100 
Jobs Frequency Percent 
Farmers 42 42 
Animal owners  18 18 
Shepherds  4 4 
Traders  10 10 
Business men  26 26 
Total  100 100 
8%
31%
25%
18%
18%
20-29
30-39
40-49
50-59
> 60
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Appendix 6.5: Machinery 
 
 
 
 
 
Appendix 6.6: Forest area 
 
 
 
 
 
 
 
 
 
Appendix 6.7: Who protect forest lands? 
 
 
 
 
 
Appendix 6.8: Respondent’s response regarding protection 
 
 
 
 
Appendix 6.9: Ways of protecting the forest 
 
 
 
 
 
Appendix 6.10: Percentage numbers of summer, autumn and winter grazing 
 
 
 
 
 
 
Appendix 6.11: Pasture administration 
 
 
 
Type of machinery Frequency Percent 
Traditional 19 19 
Modern 1 1 
Both modern and traditional 80 80 
Total  100 100 
Forests size  Frequency Percent 
Not known 34 34 
0-100 9 9 
100-200 11 11 
200-300 11 11 
300-400 15 15 
400-500 9 9 
500-600 11 11 
Total 100 100 
Forest protector  Frequency Percent 
All farmers 20 20 
Government only 76 76 
Government and farmers 4 4 
Total 100 100 
Decision  Frequency Percent 
Respondents who do not protect 95 95 
Respondents who protect 5 5 
Total 100 100 
Methods of protection Frequency Percent 
Police report in case of  Threats 22 22 
Protect it from cutting 3 3 
I don’t know 75 75 
Total 100 100 
Grazing places  summer Frequency Autumn% Frequency Winter% Frequency 
Inside the scheme 
after harvest 
100 100     
Inside the scheme 
before planting 
  20 20 20 20 
Residual crops   80 80   
Inside the forests 
around the scheme 
    80 80 
Total  100 100 100 100 100 100 
Decision Frequency Percent 
There is pasture administration 4 4 
There is not pasture administration 96 96 
Total 100 100 
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Appendix 6.12: How do you know if land is degraded? 
 
 
 
 
 
 
Appendix 6.13: What kind of energy you have used? 
 
 
 
 
 
Appendix 6.14: Source of fuelwood 
 
 
 
 
 
 Appendix 6.15: Wood fuel commercialization 
 
 
 
 
 
Appendix 6.16: Types of trees for building 
 
 
 
 
 
 
 
Appendix 6.17: Tree parts used in building 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Causes of degradation Frequency Percent 
Less production 36 36 
Erosion 6 38 
Increase of disease and insects 20 20 
Nothing  38 38 
Total  100 100 
Energy use Frequency Percent 
Coal and firewood 79 79 
Firewood 17 17 
Coal 4 4 
Total  100 100 
The source  Frequency Percent 
Buying 75 79 
Logging 25 17 
Total  100 100 
Places of source Frequency Percent 
Forest inside the scheme 45 45 
Trees inside the scheme 55 55 
Total  100 100 
Trees for building Frequency Percent 
Sidr and mesquite 33 33 
Sidr 51 51 
Mesquite 2 2 
Sidr and Talh 14 14 
Total  100 100 
Tree parts Frequency Percent 
Branches 25 25 
Stems 28 28 
Stems and branches 47 47 
Total  100 100 
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Appendix 7.1: Conversion matrix of LULC in the study area during the period from 1972-1987 
 
Appendix 7.2: Conversion matrix of LULC in the study area during the period from 1987-1999 
Classes  1 2 3 4 5 Total 1987 
1 6540.48 5997.66 4308.75 2400.07 899.50 20146.46 
32.46 29.77 21.39 11.91 4.46 9.72 
2 6066.68 6811.53 6875.48 7419.60 1281.40 28454.69 
21.32 23.94 24.16 26.08 4.50 14.38 
3 2924.90 6350.28 6384.23 17291.10 9311.07 42261.58 
6.92 15.03 15.11 40.91 22.03 20.22 
4 8536.93 5989.21 3477.50 21968.30 16011.44 55983.8 
15.25 10.70 6.21 39.24 28.60 27.40 
5 11045.80 7452.88 7274.12 12230.70 21908.12 59911.62 
18.44 12.44 12.14 20.41 36.57 29.28 
Total 1999 (ha) 36048.79 32601.56 28320.08 61309.77 49411.53 206435.83 
Rate of occupancy% 17.14 15.66 13.60 29.66 23.85 100.00 
Rate of  variety % 76.34 8.90 -32.74 9.51 -17.53  
Average annual rate (%) 6.36 0.74 -2.73 0.80 -1.46 
Average annual rate (ha) 1325.19 345.57 -1161.79 443.83 -875.01 
 
Appendix 7.3: Conversion matrix of LULC in the study area during the period from 1999-2010 
Classes  1 2 3 4 5 Total 1999 
1 16004.00 11400.90 900.12 1371.6 6365.01 36041.62 
44.40 31.63 2.50 3.81 17.66 17.46 
2 9917.39 7308.44 4585.44 4986.58 5893.90 32691.75 
30.34 22.36 14.03 15.25 18.03 15.84 
3 7764.84 7709.55 1950.61 4528.99 6911.69 28865.68 
26.90 26.71 6.76 15.69 23.94 13.60 
4 9099.90 7624.10 4175.60 20568.40 20059.90 61527.90 
14.79 12.39 6.79 33.43 32.60 29.80 
5 7837.57 7272.27 9104.75 13965.71 10404.35 48584.65 
16.13 14.97 18.74 28.75 21.41 23.53 
Total 2010 50623.70 41315.26 20716.35 45421.28 49634.84 206435.83 
Rate of occupancy% 24.52 20.01 10.04 22.00 24.04 100.00% 
Rate of  variety % 40.44 26.33   -26.18 -26.17 2.17  
Average annual rate (%) 3.68 2.39 -2.38    -2.38 0.20  
Average annual rate (ha) 1325.64 783.96 740.85 -1464.24 95.47  
 
 
 
Classes 1 2 3 4 5 Total 
1972 
1 4581.36 6241.77 6535.62 5957.56 5483.70 28800.01 
15.91 21.67 22.69 20.79 19.04 13.47 
2 6936.75 9224.10 7816.77 16253.50 7685.37 47416.49 
14.63 18.40 16.49 34.28 16.21 22.50 
3 4228.11 7076.88 9257.13 16136.70 10682.70 47481.52  
8.90 14.90 19.71 33.99 22.50 25.22 
4 2745.18 4882.05 10847.80 13937.00 21294.90 53606.93 
5.12 8.92 20.24 26.00 39.72 23.83 
5 1291.41 1851.57 6815.16 4225.04 15782.70 29965.88 
4.31 6.18 22.74 14.10 52.67 14.58 
Total 1987(ha) 19782.81 28676.37 41372.48  56509.8 60929.37 206435.83 
Rate of occupancy% 9.72 14.18 20.22 27.40 29.28 100.00 
Rate of variety % -27.84 -36.97 -19.83 14.98 100.82  
Average annual rate (%) -1.86 -2.46 -1.32 1.01 6.72 
Average annual rate (ha) -601.15 -1249.34 -407.27 193.52 2064.23 
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Appendix 7.4: Error matrix of accuracy assessments 1972  
 
Appendix 7.5:  Producer´s and user`s accuracy of LCLU classification in the GAS 1972 
 
 
 
 
 
 
Where: 1: Woodland dominated by high dense mesquite trees, 2: Grass and shrubs dominated by low 
dense mesquite trees, 3: Cultivated and bare land (Clay soil), 4:  Stabilized fine sand 5: Mobile sand. 
Where: The calculation of overall, producers and users accuracies as follow: 
Overall classification accuracy = (23+31+29+31+17)/150x100 = 87.33% 
Producers accuracy for (class 1) = Number correct/ Reference totalx100 = 18/20x100= 89.50% 
Users accuracy for (class 1) = Number correct/ Classified total x 100 =18/20x100 = 89.50% 
Source: Lillesand et al., 2008 
Appendix 7.6:  Error matrix of accuracy assessments 1987  
 
 
 
 
 
 
 
 
Appendix 7.7:  Producer´s and user`s accuracy of LCLU classification in the GAS 1987 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Classification 1 2 3 4 5 Row total 
(classified) 
1 18 2 0 0 0 20 
2 2 31 0 0 1 35 
3 0 4 29 5 1 39 
4 0 0 0 34 3 34 
5 0 0 3 0 19 19 
Column total 
(Reference) 
20 37 32 40 21 150 
Class name Reference 
total 
Classified 
total 
Number 
correct 
Producers 
accuracy 
Users 
accuracy 
1 20 20 18 89.00% 89.00% 
2 37 35 31 83.00% 87.78% 
3 32 39 29 90.00% 74.29% 
4 40 34 34 84.00% 84.00% 
5 21 22 19 90.00% 89.00% 
Total  150 150 131   
Classification 1 2 3 4 5 Row total 
1 12 3 0 1 0 16 
2 0 21 3 0 3 27 
3 0 5 30 1 1 37 
4 0 1 1 35 5 42 
5 0 0 1 3 24 28 
Column total 12 30 35 40 33 150 
Class name Reference 
total 
Classified 
total 
Number 
correct 
Producers 
accuracy 
Users 
accuracy 
1 12 16 12 100.00% 75.00% 
2 30 27 21 70.00% 77.78% 
3 35 37 30 85. 71% 81.08% 
4 40 42 35 87.00% 83.33% 
5 33 28 24 71.07% 87.62% 
Total  150 150 122   
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Appendix 7.8:  Error matrix of accuracy assessments 1999  
 
 
 
 
 
 
 
 
Appendix 7.9:  Producer´s and user`s accuracy of LCLU classification in the GAS 1999  
 
 
 
 
 
 
 
 
 
Appendix 7.10:  Error matrix of accuracy assessments of MLC for Aster 2010  
 
 
 
 
 
 
 
 
Appendix 7.11:  Producer´s and user`s accuracy of LCLU classification in the GAS 2010  
 
 
 
 
 
 
 
 
 
Appendix 7.12:  Stratification of the NDVI ranges response to LULC classes in GAS as measured 
from imagery from 1972 to 2010 
 
 
 
Classification  1 2 3 4 5 Row total 
1 21 3 1 2 0 27 
2 2 8 0 0 0 10 
3 0 0 18 0 0 18 
4 2 1 8 72 6 89 
5 0 0 0 1 5 6 
Column total 25 12 27 75 11 150 
Class name Reference 
total 
Classified 
total 
Number 
correct 
Producers 
accuracy 
Users 
accuracy 
1 25 27 21 84.00% 77.78% 
2 12 10 8 66.67% 80.00% 
3 27 18 18 64. 00% 100.00% 
4 75 89 72 96.00% 80.90% 
5 11 6 5 45.45% 83.33% 
Total  150 150 124   
Class  1 2 3 4 5 Total  
1 23 1 0 0 0 24 
2 0 31 7 0 0 38 
3 0 1 30 0 1 31 
4 0 0 2 31 4 37 
5 0 0 0 3 17 20 
Total  23 33 38 34 22 150 
Class 
name 
Reference 
total 
Classified 
total 
Number 
correct 
Producers 
accuracy 
Users 
accuracy 
1 23 24 23 100.0% 95.8% 
2 33 38 31 93.4% 79.6% 
3 39 31 30 91.3% 93.55% 
4 34 37 31 91.18% 85.8% 
5 22 20 17 77.3% 85.0% 
Total  150 150 133   
LULC classes  1972 1987 1999 2010 
Woodland dominated by high 
dense mesquite trees 
>0.043 >0.121 >0.176 >0.202 
Grass and shrubs dominated by 
low dense mesquite trees 
-0.139-0.039 0.117-0.036 0.172-(-0.017) 0.101-0.199 
Cultivated and bare land (Clay 
soil) 
-0.199-(-0.144) 0.032-(-0.009) -0.021-(-0.090) 0.005-0.098 
Stabilized fine sand -0.214-(-0.205) -0.013-(-0.021) -0.094-(-0.098) 0.961-0.002 
Mobile sand  >-0.219 <-0.025 <-0.102 <-0.992 
